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Today there are giants at Wyman- 18,000 ton, 7,000 ton presses representing 
Gordon! Among them the largest single the greatest forging press capacity assem- 
machine ever constructed — a 50,000 ton bled under one roof in the world — 110,000 
closed-die forging press — is now produc- tons ready to meet the demands of industry 
ing larger forgings with thinner sections today and tomorrow. Wyman-Gordon, 
and closer tolerances than ever before. greatest name in forging — is ‘Keeping 


Companion giants include 35,000 ton, Ahead of Progress’. 
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—— PERSONNEL SERVICE — 


HE following employment items are mode 
members on a non 
profit basis by the Engineering Societies Per 
Service inc , Gperating m cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St, 
OD Farnsworth Ave, Detroit; 
57 Post St, Sem Francisco; 84 E. Randolph St, 
Chicago |. App 
to the proper key numbers in core of the New 
fork office and include 6c in stomps for for 


available to AIMI 


moi 


warding and returning application. The ap- 
plicant agrees, if placed in a position by 
meons of the Service, to poy the plocement 
fee listed by the Service. AIME members may 
) weekly bulletin of positions available 
for $3 50 a quarter, $12 a year 


ywecure 


—— POSITIONS OPEN 


Welding Engineer, metallurgist or 
electrical engineer, 22 to 45, to direct 
and conduct investigations to de 


METALLURGICAL ENGINEERS Chal 


wor pecaity tee! ftweid 
pening productior metallurgical 
wd laboratory im mill producing 
hug? peed ton stee tainless 
ar hugh temperature metals and many 
ty tee Will comsider experi 
enced men or recent graduate Plants 
located im Bridgeville and Titusville 
Pa end complete and detailed resume 
stior experience references 
ard jlary lesiwred be Cr moan 
Personne epoartmert niversal-Cyclops 


DESIGN ENGINEERS 


STRUCTURAL STEEL, 
CONCRETE, 

PIPING LAYOUT, 

PROCESS HEATERS, 
EQUIPMENT SPECIFICATIONS, 
LAYOUT AND PROCESS 
DESIGN. 

ALSO PIPING AND 
ELECTRICAL DRAFTSMEN. 


You can fill a desirable permanent 
position in McKee's enlarged Refinery, 
Metals or Industrial Divisions. Our 
expansion program gives you excellent 
opportunity for advancement in one 
of the world’s largest engineering firms 
World. wide McKee operation offers 
you a broad field in the design of 
Blast Furnaces, Stee! Plants, Sintering 
Plants, Petroleum Refineries, Chemical 
and Industrial Plants 

You get top compensation, the security 
of a life-long pension, paid vacations, 
benefits of insurance, hospitalization, 
sick leave pay and training program 


You'll work with modern equipment in 
large air-conditioned quarters. Free 
parking on premises 

Cleveland has attractive residential 
areas, excellent schools and colleges 
for you and your family. McKee mokes 
generous transportation and moving 
allowances 

Write for an interview giving educa 
tion and experience. No age limita 
tions. All letters kept strictly con 
fidential, Write today to 


Edward A. Kolner 
ARTHUR G. McKEE & COMPANY 


2300 Chester Avenue 
Cleveland 1, Ohio 


METALLURGICAL ENGINEER 
WELDING WIRE DEVELOPMENT 


Linde’s Development Laboratory at 


Newark N j needs a recent 
graduate engineer to help develop 
weldin wires for new Iding 
processes. All engineering aspects 
from the processing of experimental 
heats to the use of new wires in 


the field are involved 


Career opportunities in a rapidly 
jyrowing tield are here for the en 
gineer having the right combination 
of theoretical background and 
practical common sense We invite 
to send a resume of your edu 
cational background experience 
record and salary requirements to 


) Ww at 


LINDE AIR PRODUCTS 
COMPANY 
A Division of Union Carbide and 
Carbon Corporation 
P.O. Box 819 


Newark, N. J 


velop and establish welding and re- 
lated metal joining processes, pro- 
cedures, equipment requirements, 
and material uses for manufacturing 
purposes. Salary, $6000 to $8800 a 
year. Location, lowa. C4382 


Assistant Superintendent, 35 to 55, 
for job shop fabricating and welding 
stainless steel and other alloy prod 
ucts ranging into large, heavy tanks 
Must have at least five years experi- 
ence in welding of alloys and prefer- 
ably stainle teels and have knowl 
edge of mixtures and welding engi- 
neering. Salary, $7000 to $9000 a 
year. Employer will pay placement 
fee. Location, Chicago. C4098 


Engineers. (a) Assistant Advertis- 
ing Manager, under 30, with either 
one to two years advertising agency 
experience or sales work preferably 
in metals. Salary, $6000 a year. (b) 
Sales Engineer, with sales and serv 
ice experience preferably in metals 
and/or metal treatment. Salary, to 
$6000 a year. Locations, New York, 
N. Y. W2897 


Assistant Mill Superintendent, 30 
to 40, to supervise crushing, screen 
ing, and magnetic separation of iron 
ore. Salary, $6500 to $7500 a year 
Location, East. W2765 

(Continued on page 306) 


METALLURGIST 


needed as Process Metallurgist 
and quality control in brass mill 
manufacturing phosphor - bronze 
nickel-silver, cupro-nickel and brass 
in the form of strip, wire and rod 
Reply fully in writing, giving 
age, experience and salary desired 
to Personne! Department, The 
Riverside Metal Company Division, 
H. K. Porter Company, Inc., River 


side, New Jersey 


Crucible Stee! Company 


Laboratory in Pittsburgh 
Openings providing attractive income 


scientists holding B. S. degree 


PHYSICAL METALLURGY 

HIGH TEMPERATURE MATERIALS 
PHYSICAL MEASUREMENTS 
CHEMICAL ENGINEERING 

AND 
INORGANK 
MAGNET IK 


TECHNOLOGY 
MATERIALS 


Send confidential resume 


Oliver Building 


RESEARCH SCIENTISTS AND ENGINEERS 


f America otters 
development and advancement in its expanding Research and Devel pment 
and benefit 


rh phe r Research is conducte d in the fields of 


including education, experience and salary desired t 


Mr. A. A. Marquer Jr 
EMPLOYMENT OFFICE 


CRUCIBLE STEEL COMPANY OF AMERICA 


Henry W 


outstanding opportunities for creative 


for qualified engineers and 


PROCESS METALLURGY 
PHYSICS AND CERAM'!CS 
WELDING PRODUCTS 
AND 

TECHNOLOGY 


Pittsburgh 22, Pa 
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THE FIRST JET-ASSISTED TAKE-OFF in the 
Notable United States was made in an Ercoupe monoplane supplied to JPL 
by the Air Materiel Command and flown by Capt. H. A. Boushey, Jr 


Achievements at March Field, California in August 1941 


This was made possible by fitting to the wings six rocket units 


t SAL using the successful rocket propellant GALCIT 27 developed at the 
qd Laboratory after two years of research and development 


Continued Leadership in Research 


This early success established the spec ial merit of a new type of solid pro 

pellant developed at JPL, consisting of an inorganic oxidizer dispersed 

JPL JOB OPPORTUNITIES ARE in a plastic fuel matrix, Propellants of this kind, now manufactured by 

WAITING FOR YOU TODAY! most rocket establishments, find applic ations both in modern [ATO units 
In these fields and in many current missile designs for the armed services 


CHEMISTRY In order to maintain this spirit and position of leadership, the labo 
NUCLEAR PHYSICS ratory is engaged in research on new types of polymers and in the devel 
esTALURCY opment of new kinds of propellants. Research that can be mentioned 

e includes organ chemic al synthesis, physic al chemistry of polymers, 

SOLID STATE PHYSICS mechanical behavior of polymers, formulation of experimental propel 
CHEMICAL ENGINEERING lants and ‘ ombustion resea4re h 1 his work le ads to fully developed propel 


lants, tested in prototype rockets, and ready for manufacture elsewhere 


HEAT TRANSFER 
COMBUSTION 
MECHANICAL ENGINEERING 


The work in solid propellants has companion efforts comparable im 
scope, related to liquid propellants, to materials and metallurgy, and to 


nuclear propulsion. 


Expanding programs are rapidly providing new openings for quali 
fied people. If you would enjoy the challenge of new problems in research, 


write us today outlining your interests, experience and qualifications 


CALTECH JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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You Benefit from ELECTROMET’S 


Research Development 


Production © Service 


Sault Ste. Marie, Mich. 


a 
Portiand, Ore 
Niagara Falls, N. Y. 


Detroit, Mich Ashtabula, sy 
Cleveland, 
@ Pittsburg 


Chicago, lil. & 


Marietta, Ohio @ 
@ Alloy, W. 


e Sen Francisco, Calif 


A Oakland, Calif 


Sheffield, Alo BA 
@ Birminghom, 


Angeles, Calif 


Houston, Tex 
ea 


For 50 years ELecrromeT has produced ferro-alloys and 
metals ««ential in the production of steel, iron, and non-ferrous ont 
metals. Research and development by ELeECTROME during Omeee 
these 50 years have provided the trade with new and better B Plonts 
alloys and metals to meet specific needs. Increased emphasis on A Warehouses 


research and development promises continued benefits in the 


future 

The ELECTROMET story is one of steady growth and progress 
for the benefit of the metal industries. When vou buy from 
ELECTROMET, you get the best in alloys and service plus the 


udvantages of long manufacturing experience and extensive 


research 
Hlere are some of the advantages you get from ELECTROMET's 


integrated program 


Competent Metallurgists and Sales Engineers 


Nine sales and service oflices are strategically located in the 


major steel producing centers as shown on the map above. If 


you have a proble mon metais or alloys, let one of our experi- 


enced metallurgists or sales engineers help you. He will be 


glad to assist you with any problems on the production of 


steels, trons, and non-ferrous metals Simply telephone 


quality 
or write the ELECTROMET office nearest you 


Ca Ch Cr Mn Si Ti OW 


y 
lork, N.Y 
y 
“ 
> > <i 


0 Years of Experience 


Continuing Research and Development 


Since 1906 ELECTROMET has carried on a three-way program 
of research, development, and technical service. More than 
300 skilled research scientists, engineers, and technicians work 
in ELECTROMET’s Metals Research Laboratories and Develop- 
ment Laboratories at Niagara Falls (shown here). This pro- 
gram provides you with new ferro-alloys and metals, better 
ways of using them, and new and improved alloy steels and 
irons. Innovations are fully developed in our laboratories 
before they are offered commercially. 


Wide Range of Alloys to Meet Your Needs 


Over 50 different products are manufactured to meet the 
regular requirements of the metal industry as well as the 
special needs of customers. This wide range of high-quality 
ferro-alloys and metals is the result of 50 years of research, 
development, and service by ELECTROMET. ELECTROMET offers 
the widest selection of ferro-alloys and metals to meet your 


specific requirements. 


Seven Modern Plants—4 With Own Power Facilities 


Our plants have been greatly expanded and modernized to 
meet the current demands for ferro-alloys and metals. The 
recently completed plant at Marietta, Ohio, is the world’s 
largest ferro-alloy plant. Company-owned power facilities at 
four of the plants assure a constant supply of power for efficient 
production. Prompt shipment of ELECTROMET ferro-alloys is 
assured from all seven plants, and from six warehouses con- 


veniently located to serve you. 


World Wide Ore Sources 


The availability of ores, and other raw materials is assured 
by ELECTROMET's diverse facilities, including mines and ore 
milling plants owned by UNION CARBIDE. Helping to assure 
adequate ore supplies are the ore buying facilities of Union 
Carbide Ore Company, a Division of Union Carbide and 
Carbon Corporation. Ores come from the far corners of the 
earth to ELECTROMET’s plants. On this simplified map of the 
world, symbols for the chemical elements indicate a few of the 


major sources of alloy ores. 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (de New York 17, N. Y 


OFFICES: Birmingham « Chicago « Cleveland + Detroit « Houston « Los Angeles 
New York « Pittsburgh « Son Francisco 


in Canada: Electro Metallurgical Company, Division of Union Carbide Canada 


Limited, Welland, Ontario 


The term “Electromet” is ao registered trade-mark 


of Union Carbide and Carbon Corporation 
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this was PCHIUS... 


EDWARD GOODRICH ACHESON 


Ves, this was genius. 


Thomas A. Edison knew it. tn paying tribute upon the 
omcason of Doctor Acheson Passing he 


former associate | know the world | 


Leo Hendrik BRackeland knew it. 


ombined a most fertile brain with great 


membered him 
man who 


strength of conviction 


Walter Pitkin knew it. famous | 
As be reated his place im our iviliz 
pa with hom. None shall fill it 


tnel the press knew it, They used in their editorial 
such phrase workd’s accham of a one of the 


geniuses Of his tine md “the loss of an inventive genius 


Hat what makes genius? 

Employing 4 mixture of carbon, sand, salt, and sawdust 
ina simple but effective electric furnace, made up of a few 
strands of wire, a carbon rod, and a plumber's bowl, Edward 
Goodrich Acheson was able to bring into being a mass of 
scintillating crystals rivaling many gems in splendor and 
almost matching the diamond in hardness. These highly 
abrasive crystals he crushed and made into grinding wheels 
and these wheels, in turn, were used to shape metals and 
make machines. Called “Carborundum™” by Acheson and 
silicon carbide by the chemist, this new material did its job 
so well that it is credited with making possible today the mass 
production of automobiles, tractors, and countless other 


mechanisms 


Possibly silicon carbide could be made better — harder or 
sharper. To this end Acheson subjected silicon carbide to 
higher temperatures for longer periods; what he obtained was 
not a harder substance but, instead, one of the softest — pure 
graphite. The extreme conditions to which he had exposed his 


jewels of industry brought about their disintegration, the 


ACHESON COLLOIDS COMPANY 


PORT HURON, MICH PHILADELPHIA PA 
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ACHESON DISPERSED PIGMENTS CO 


niversay” 


INVENTOR 
SCIENTIST 
INDUSTRIALIST 


silicon passing off as vapor and the carbon remaining as a 
solt, unctuous residue. Manufactured graphite, destined to 
be of far-reaching importance, became another of Acheson's 


contributions to industry 


Unquenchable curiosity, coupled with the indomitable 
spirit that was his, led him to uncover means of preparing this 
new product of the electric furnace in the form of plates and 
cylinders. Put to work as electrodes, these soon revolution 
ized electrochemical and electrometallurgical operations 
Acheson had now made commercially teasible the produc 
tion of new families of chemicals and laid the groundwork 


for the present efficient manutacture of steel and alloys 


During Acheson's painstaking efforts to produce graphite 
crucibles he experimented with many clays tor use as binding 
agents — and he learned much about them—so much tn tact 
that he was able to explain why the ancient Egyptians used 
straw in them brick making and what caused the formation 
of the deltas of the Nile and Mississippi. Most important, he 


discovered a method of rendering graphite colloidal 


Colloidal graphite in modern industry plays a role that ts 
varied and complex, tts unique properties finding utility in 
such dissimilar fields as lubrication, electronics, metalwork 
ing, and lithography, to name a few. The techniques origi 
nated by Acheson for colloidally dispersing graphite are 
being applied to other solids including carbon blacks, pig- 
ments, and minerals 

To those of us in the companies identified with Doctor 


fchesor 


tion, We « oud to offer this tribute to his eenius on the 


erseverance and achievement are an inspira 


100th anniversary of his birth 


Acheson Industries, Inc. 


ACHESON COLLOIDS LIMITED 
LONDON, ENGLAND 


GREDAG, INC 
NIAGARA FALLS. NY 
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Will Vacuum Melted Metals do for YOUR 
Product what they do for Ball Bearings? 


A Vacuum Furnace will help you get the Answer " 


Vacuum melted steels are consistently free of inclusions and 
exceptionally clean. As a result they provide for ball bearings: 


1. Bearing life consistently 100% to 200% better than 
handbook ratings for normal temperature operations. 


2. Bearing life consistently up to 600% longer for high 
temperature, high speed applications. 


3. Up to 90% reduction in bearing race rejects. 


Would metals with such characteristics make your product 
better? A vacuum furnace will enable you to develop ma- 
terials especially suited to your needs. We have made and 
operated more high vacuum furnaces than any other manu- 

. NRC Model 2555 Vacuum Furnaces are now being used by air- 

2 

facturer nm the world. Can we help you, too Send coupon craft companies, engine manufacturers, investment casters, 
specialty steel producers to speed up development of new ma 
terials that will meet ever more severe operating requirements. 


below today. 


NRC EQUIPMENT DIVISION 
NATIONAL RESEARCH CORPORATION 
Other NRC Dept. 163, Charlemont Street, Newton Highlands 61, Massachusetts 
high vacuum products 
include: analyzers, 
dehydrators, freeze driers, 
impregnoators, gauges, ‘ 
metollizers, pumps, valves 


Please send me Model 2555 Data Sheet NEC Vacuum Furnace Bulletin 


ompaony 
Address 


ty Jone Stote 


Hove your representative coll ] 
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These carefully controlled refractories are made from the best quality raw materials, are 
formed under high pressure and are fired extremely hard. They are used also with great 
benefit in longer life for parts of copper reverberatory smelting and refining furnaces. 

In addition, Harbison-Walker produces all other classes of basic refractories for 
every metallurgical furnace need. MAGNEX and METALKASE brands have long 
established records of excellent service in suspended roofs. 
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. HARBISON-WALKER 
provides Two sowice-pnoved. 
basic 


Chromex B 


Briefly summarized, the desirable 
properties which account for the 
excellent service secured with this 
extra hard fired chrome-magnesite 
refractory are:—high density and 
impermeability—relatively low 
thermal expansion and good resist- 
ance to thermal shock—unusual 
stability and high strength at high 
temperatures. 


*H-W Magnesite 


For the most strongly basic linings 
this refractory, consisting predomi- 
nantly of periclase (stabilized crys- 
talline magnesia), fulfills the most 
severe requirements. It is fired at 
an extremely high temperature and 
is dense, strong and volume stable 
at temperatures far above the high- 
est employed in copper converters. 


HARBISON-WALKER REFRACTORIES COMPANY 
AND SUBSIDIARIES General Offices: Pittsburgh 22, Pennsylvania 
World's Largest Producer of Refractories 
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Process observation, alloy additions, pouring, temperature 
and pressure readings, high frequency control, valve se- 
quencing — all focus around one center of operation. 


Small but versatile 
a high-vacuum furnace 
for lab and pilot plant 


CVC's 5 to 50 pound melung and Ample pumping: A 2-stage diffus 
casting furnace offers lon-cjector pump brings the system 


Three-way casting: Melts of 5, 12 swiftly to the low micron Hg pres 


17, 30, or SO pounds can be cast in 


sure range, with plenty of reserve 


apacity for pressure surges from 
alloy additions, deoxidation, and 


ingle or multiple molds —or centrif 


ugally 


pouring 
Ease of materials handling: Al] Write for illuserated bulletin No 


parts of the furnace interior are with 4-§0 that lists complete specifica 
im arm's reach. The oblique angk tions, accessories, and design features 
flange connecting the chamber se« of this remarkably versatile furnace 


tion provid unu ual vertical lear 


ance for removing molds directly 
with a crane. A decy mold well pro 
vides 33” under the crucibk lip tor 
pouring bar-type ingots 


Complete controls: A manual bride 
breaker assembly 1s combined with 


aA Watct cool nonfogging sight 


tube for optical pyrometry. A sam 


pling device and a thermocoupk 


assembly are standard accessories 
Interlocking of ch pneumatic vac 
uum line valves makes for safe and 


proper cycling 
Ihe mold well ts water-cooled 


EI This view of the mold chamber shows deep 
ecru feedthroughs are provid d well for single molds, indexed table for 
for mold he ating multiple molds loptional) and drive mech- 
anism for centrifugal casting (optional). 


» Consolidated Vacuum 
CLG 7 Rochester 3, 
of CONSOLIDATED ELECTRODYNAMICS CORPORATION, Pucadena. alifornia 


Sates Ottices: Albuquerque «+ Atlanta « Boston « Buffalo « Chicago « Dallas 
Detroit + New York « Palo Alto + Pasadena « Philadelphia « Seattle « Washington, D.C. 
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—— POSITIONS OPEN —— 
(Continued from page 298) 


Engineers. (a) Production Super 
intendent, 36 to 45, degree, with 
eight to ten years experience in roll- 
ing mill operations, including hot 
and cold rolling mills and production 
supervision. Will direct production 
activities of aluminum sheet, plate, 
and foil mill. Salary open. (b) Plant 
Manager, 38 to 45, degree, and at 
least ten years experience in rolling 
mill operations as above. Will direct 
operations of remelting, hot and cold 
rolling mills, finishing, inspecting, 
and shipping. Salary open. (c) Roll 
ing Mill Superintendent, 36 to 45, de 
gree, and eight to ten years experi 
ence in rolling mill operations. Will 
assume responsibilities in the pro- 
duction of semifinished coils and 
plate including the scalping, clad 
ding, breakdown rolling, reheating 
hot rolling, coiling, or hearing 
Salary open. (d) Hot Mill Superin 
tendent, 36 to 45, degree, and eight 
to ten years experience in rolling 
mills, to direct operations of the hot 
line in the preparation and initial 
rolling of ingots to produce the fore 
going products. Salary open. Loca 
tions, Midwest. W2536 


Research Director, PhD. required, 
for large industrial research labora 
tory specializing in metal fabrica 
tion Salary, $25,000 to $50,000 a 
year. Location, Mid-Atlantic States 
W 2855 


Research Metallurgist to take full 
charge of research metallurgical lab 
oratory. Must have considerable ex 
perience in flotation of base metal 
ores. Salary open. Location, South 
west Africa. W2839 


Sales Engineer, under 35, metal- 
lurgical or mechanical engineering 
graduate, for established producer 
of chemicals for metal treatment for 
technical sales and service. Some 
traveling. Salary plus expenses. Lo 
cation, Philadelphia. W2837 


Supervising Engineer, engineering 
graduate, with at least five years 
plant engineering and equipment 
maintenance experience in metal 
working industry. Salary, $7200 to 
$8100 a year. Location, New Jersey 
W2797 


Time Study Engineer with experi. 
ence covering metal fabrication, 
welding, and assembly of heating 
equipment and accessories. Salary 
open. Location, Newark, N. J., area 
W2774 

Plant Metallurgist, to 50, for 
foundry of grey iron. Duties will in 
volve charging, melting, and control 
of cupola, metallurgical analysis of 
castings, checking courses of defects, 
and annealing control. Salary up to 
$7000 per year. Employer will nego 
tiate placement fee. Location, Indi 
ana. C4379 


| 
’ 


CREEP-PERCENT 


STRESS 30,000PS! 
TEMP. 1600 °F 


QO 10 20 30 40 50 60 70 80 90. | 
TIME - HOURS 


...newest Vacuum Melted alloy 
in the high-temperature field! 


‘for gas turbine compo- 


Here's a new “super alloy 


nents. Upimet 500 combines unsurpassed stress Urica can offer you properties 


rupture strength with superior high tensile strength in like these through Vacuum Melting 


the 1200°F to 1800°F range. For example, at 1600°F : 
@ High-temperature corrosion resistance 
its ultimate tensile strength is over 100,000 PSI 
@ Extreme cleanliness 
UTica is now supplying Upimet 500 to top priority 
@ Precise chemical control 
aircraft engine manufacturers. It is also supplying 
@ Longer stress-rupture life 
Vacuum melted alloys to dozens of manufacturers in a) ! 


many branches of industry @ Increased tensile strength 


@ Increased ductility 


Our technical staff is ready to help you on your high 


temperature problems. On short notice we can test @ Better fatigue resistance 


melt a sample of your alloy for further evaluation @ Greater yield strength 
Call or write today @ Greater impact resistance 
Let us tell you more about our facilities. Send for @ Greater creep properties 


illustrated Vacuum Melting Brochure. 


Offer of our facilities is subject to 
priority of national defense orders 


UTICA DROP FORGE AND TOOL CORPORATION, UTICA 4, NEW YORK 
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World-famous AO optical 
and erect stereoscopie images 


prolonged observations 


4. Revolving 


Objective accurately 
cal axis similar to 
Internal optical and 
dust proofed. Objectives 


for ellective illumina 


tion and manipulation 


5 REASONS 


why AO stereoscopic 


microscopes are outstanding 


/ 1. New Epoxy Finish 
Pleasing dove-gray color. TOUGH but so smooth! 
So hard, in fact, that it is being used to 
replace porcelain. Resists chemical deterioration. 


abrasion, and mechanical impact. 


2. Erect 3-Dimensional 3. Interchangeable 
Images Objectives. 


Objectives are instantly and 
easily interchanged from one 
Stereoscopu Microscope 


sign produces clear sharp 


ures greater eye comtort for to another. These pre 
centered, parcentered and 
parfocal objectives can 
be ordered separately and 
inserted into the nose 
piece without adjustment 


Nosepiece 


olve around a verti 


sr are h microscopes 


chanical parts are 


use always 


uninterrupted path 


specimen 


Z 5. Economy Without 

Sacrifice. 
Of course there are more AO'’s superior, balanced 
than 5 good reasons why opti rugged mechanical 
you too will want to specify onstruction and remarkable 
10) Microscopes. Why not user convenience assure a 
clip this coupon and brilliant performance for 
mail it today! years tocome, An AO Spencer 


Microscope is 


i sound and practical invest 


wet ims u 
ment of its type that money 


AMERICAN OPTICAL 
can buy 


insteument Division @ Buffalo 15. New York 


| Dept C 182 


Please send FREE CATALOG on AO j 
Spencer Sereoscopte Mic roscopes. A () 
t/American Uptical 
(Ay) INSTRUMENT DIVISION 


Address 
City lone Stote 
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Books for Engineers 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Dept. AIME members given 10 pct 
discount whenever possible. Please 
order Government publications direct 
from the agency concerned 


Metals Handbook, ASM, $6.00, 200 
pp., 1955.—The subjects contained in 
this handbook are grouped into four 
categories: metals and applications, 
design and application, processing 
and fabrication, and testing and in- 
spection. Headings under the metals 
and applications include selection 
of sheet steel for formability, selec- 
tion of Al alloy castings, and selec- 
tion of gray cast iron. Under design 
and applications include selection 
helical steel springs, furnace finish 
of metals, and residual stresses 
Flame hardening, forging and heat 
treating of tool steel, metal clean- 
ing costs, and induction hardening 
and tempering are under processing 
and fabrication. Articles on creep 
and creep rupture tests, radiography 
of metals, and macroetching of tron 
and steel comprise the testing and 
inspection section 


Electric Steel Manufacturing, by K 
Kerpely, Kultura National Enter- 
prise (In Hungarian) 1955 The 
volume summarizes 30 years’ experi- 
ence in steelmaking in various Euro- 
pean countries. Written from a prac- 
tical point of view, there are chap- 
ters on basic refractory material 
and use of high frequency furnaces 


Gmelin: Handbuch der Anorgani- 
schen Chemie, System No. 44 Tho 
rium and Isotopes, available from 
Walter J. Johnson Inc., $54.48 in 
wrappers, $55.68 cloth bound, 406 pp., 
8th edition, 35 fig., 1955.—Stimulated 
by the current interest in atom 
energy and possible applications of 
so-called rare metals, the chemistry 
and physics of thorium have re 
ceived considerable attention. The 
new Gmelin volume treats all recent 
developments and important findings 
up to 1954. Also included is informa- 
tion on radio-actinium, radiotho- 
rium, ionium, uranium Y, and urani- 


um X 


Gmelin: Handbuch der Anorgani- 
schen Chemie, System No. 60 Cop 
per, Part A, Section 1, available 
from Walter J. Johnson Inc $92.88 
in wrappers, 410 pp., 190 fig., 1955 

To provide a comprehensive, critical 
and up-to-date review of the inter- 
national literature on copper, this 
volume is the first of the Gmelin 
Copper series. Part A covers the his- 
tory, occurrence, and metallurgy of 
copper; Part B, copper compound 
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draulic or Screw Power 
esting Machines? mr 


ONE MAY BE BETTER FOR 
YOUR PARTICULAR TESTS 


Do your tests require the handling of off-center 
loads? Do your tests require unlimited loading 
stroke between the upper crosshead and weigh- 
ing table? Or do your tests involve holding a 
load indefinitely in the elastic range? If your 
answer to any of the questions is “yes”, then a 
screw power machine will probably be the better 


choice. 


On the other hand, if your requirements are for 
regular production and control testing, the sim- 
plified operation of a hydraulic machine will be 
highly advantageous. Also, a minimum of mov- 
ing parts assures long service life plus the ut- 


most in long term accuracy and dependability. 


RIEHLE MAKES BOTH 


Riehle sales engineers are qualified to discuss in 
detail the merits of both screw power and hy- 
bias. This assures 


draulic machines — without 


you that a Riehle man will never recommend 
one type machine when the other would serve 


you better. 


Riehle TESTING MACHINES 


Oivision oF 


American Machine and Metals, Inc. 


EAST MOLINE, 


Screw power universal testing machine, 60,000 pounds 
capacity. Riehle offers both screw power and hy- 
draslic machines, recommending whichever is more 


appropricte for the tests to be performed, 


You'll find all Riehle equipment engineered to 
accommodate modern testing procedures. A com- 
plete line of accessories is available which in- 
cludes: high magnification stress-strain recorders 

rate of load indicator rate of strain 
indicator . . . plus other accessories for special- 
ized testing purposes. Send today for a guide 


to Riehle’s complete modern line. 


Mail Coupon today! 


RIEHLE TESTING MACHINES, Dept. JM-356 


Division of American Machine and Metals, Inc. 
East Moline, Illinois 


Send me the &page “Guide to Riehle Testing Machines and 
Instruments’. 

COMPANY 

ADORESS 

city zone 


ATTENTION MR 
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and USS “T-1" Steel 


solves the 
welding problem! 


Bedplates for modern color-printing 
presses have to be rugged—bat as light- 
weight as possible. They must with- 
stand constant pounding from printing 
rollers and cutting knives. And, since 
they move back and forth continually, 
they've got to be lightweight for fast, 
efficient operation. It is a good place to 
use a welded assembly of steel plates. 

But that’s where Graver Tank & 
Manufacturing Co., Inc., ran head-on 
into a tough fabrication problem. Alloy 
steel with the necessary strength and 
durability was difficult to weld. And 
with 534 welds on every bedplate, this 
was a king-size headache. 


NO MORE HEADACHE! 


Now the headache is gone. Production 
costs are down. And the finished bed- 
plates are working hard and long . 

taking a tremendous daily pounding 


UNITED STATES STEEL CORPORATION, PITTSAURGH 
TEMNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


er ares Steet Caroet 


“TOP QUALITY!” Thats how Graver Tank & 
Manufacturing Co, Inc, East Chicago, In 
diana, describes new USS ref Steel It 
gives them a yield strength of 90,000 pai 

exceptional resistance to impact abuse and 
good weldability. It enables them to build 
extremely rugged, all welded bedplates for 
printing presses 


without distortion. 

The solution? Just a switch to a re- 
markable new alloy steel, USS “T-1” 
Steel. 

“T-1" Steel is very strong. Very 
tough. Able to take vicious impact abuse. 
Yet, it’s easy to weld, “says Mr. H. 
McDonald, Superintendent at Graver.” 


HOW ABOUT YOU? 


If you have tough jobs, rugged jobs, 
where you want to weld your way to 
lower costs, give this new steel a try. We 
think you, like Mr. McDonald, will find 
it the best thing you have ever used. 
Right now, ““T-1” is in service and do- 
ing well in bridges, power shovels, steam 
turbines, electrical transformer tanks, 
flywheels, pressure vessels, mine cars, 
and lots of other places. Write for de- 
tails. United States Steel, Room 5200, 
Pittsburgh 30, Pa. 


COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRISUTORS 


yore 
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ANODES TESTED 


Results: 
Galvomag 
Best 


Dow’s new high-potential anodes furnish 
25% more current output than conventional 
anodes ... save you money by requiring 
fewer installations! 


Because of their higher driving potential, four 
GALVOMAG* anodes do the work of five conventional 


anodes in average soils—a distinct savings for you in 


installation costs. 


Camperisan of the Nat Driving Patential of ond 
Hight Purity Agodes in tha Field 
| | | | | | Sel | Oe 
| 


Actual field test data showing GALVOMAG's 
superior driving potential. 


Also, because of greater throwing power, GALVOMAG 
anodes offer you better protection in higher resistivity 


soils. Call your Dow anode distributor, He'll give you 


the facts on how GALVOMAG can reduce your cathodic 


protection costs, 
Field tests, made in various soils, have substantiated laboratory tests show 
ing GAtvOmAG does produce 20-30% more current than conventional anodes. 


Greater protection and substantial savings, too—a 


valuable combination, Take advantage of it! THE 
DOW CHEMICAL Company, Dept. MA 376E, Midland, 


Mik higan. *Trademark of The Dow Chemical Company 


Call the distributor nearest you: 
CATHODIC PROTECTION SERVICE, Houston, Texas © CORROSION SERVICES, INC, Tula, 
Okichome ELECTRO-RUSTPROOFING CORP. Service Division), Belleville 
ROYSTON LABORATORIES, INC, Blawnox, Penne STUART STEEL PROTECTION 
CORP . Plainfield, New jersey © THE VANODE CO, Pasadena, California 


MAGNESIUM 
ij for 


you can depend on M IGN ANODES 
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HE Presidency of this great organization is the 

kind of task that warms the heart. For it, I am 
deeply appreciative. I accept the « hallenge. I accept 
the responsibility But I do so with a realization that 
measuring up to the standards of those who have pre 
ceded me will be a task of large proportions 


There is no better reminder of that sobering fact, I 
think, than the anniversary volume which AIME pub 
lished back in 1947. It recorded the great mot ents of 
three-quarters of a century of progre in the mineral 
industry It also paid a warm tribute to the men who 
founded AIME, who guided it through its formative 
years. and who finally handed down to u the mineral 
engineers of today a profe ional organization of great 
treneth and vigolr 


3efore coming to this meeting, I again thumbed 
through that anniversary volume and I could not help 
noticing the ize of the shoes that we of today and 
tomorrow must fill. In olden times, according to the 
Bible, there were giants in the earth. Look over oul 
anniversary book, that anthology of at hievement, and 
you will see that there have also been giants—giants 
of engineering—in this institut 


Our founding group, for example—those 22 engineet! 
who met at Wilkes-Barre, Pa. in May of 1871 and or- 
ganized AIME tood head and shoulders above the 
common run of men. It is true, of course, that thei 
fields of mining and metallurgical engineering were 
till in their infancy. Only a few decades betore there 
had been only two recognized divisions of engineering 

civil and military. Up until the 1850's, there were 
just two schools in America where one could get an 
engineering degree—at West Point and at Rensselaer 
Polytechnic Institute Not a single state had yet en- 
acted an engineering practice law 


Jut these 22 men had the pioneering instinct They 
not only had faith in engineering as the profession of 
progr Their faith found solid expression in thei 
building of AIME and in the two main objectives whi h 


they set up as organizational goal 


“First, the more economical production of the u eful 
minerals and metal Second, the greater safety and 
welfare of those employed in those industries.” 


It is no small credit to the vision of AIME founder 
that these objectives, as currently set forth in our 
constitution, remain basically unchanged 


To this day, their great faith, their great vision, con 
tinue to stand out as dominant characteristics of AIME 
From the time of David Thomas, that great ironmastet! 
who was our first president, down to and including the 
past year unde! H. DeWitt Smith, the Institute ha 
built. added to, and conserved a tremendou heritage 
of engineering knowledge. It has built added to, and 
conserved an equally important legacy of prot ional 
concept By 0 doing, AIME ha not onl advanced 
the art and science of engineering It has also enabled 
each of us to better erve the publi interest 


The Institute could never have accon pli hed these 


things under a leadership with a policy of standing 
till. Fortunately, however, its officers and director 
its committeemen and rank-and-file membe! have al 
ways held to a guiding principle of continuous propre 
the kind of continuous progre which started with 
prehistoric man’s first use of fire and which has inexor 
ably led. in our own time, to today’s wide, wide world 
of atomic power. Their guiding principle, in short, ha 
always been one of seeking new and better wa under 
a profit-and-lo ystem, to convert the riches of man 


kind to the use of mankind 


In following this principle, the Institute has endeay 
o see to it that the profs ional live of each of 


is. as individuals, benefit as fully as possible from our 


ored t 


group relationships in the society Its actions have 
been positive one We have teadily increased our 
membership until today there are more than 26,000 
engineers and engineering students on our roll Since 
1911. we have chartered and sponsored the local sec 

tion which are now such a vital part of the organiza 

tion As our needs have grown, we nave expanded oul 
technical commiuttes oul profe ional division and 


Most important of all pt r} ap the Institute ha pro 
vided a forum of inestin able value to all those men of 


engineering whose work has to do with our mineral 
resource And this forum has been one with an open- 
door policy. In 1871, for example when the Institute 
was founded, the petroleum industry was a re latively 
insignificant business mainly engaged in providing 
kerosene for the lamps of America. After Spindletop, 
however, when petroleum finally burst into real na 
tional prominence, AIME lost little time in opening its 
doors to the engineers of this growing new industry 


In 1913. the Institute set up a petroleum and gas 
committee under Captain Anthony Lucas, the discov- 
erer of Spindletop. Nine years later, in 1922, it formed 
the Petroleum Division, Equal footing in the Institute 
has brought equal responsibilities and equal benefits 
During the past third of a century, the presentation of 
papers on petroleum technology before AIME groups 
has marked some of the industry's most important 
milestone Here again, I think, is another indication 
of the foresight and the pioneering instinct of this 
organization. AIME was founded by mining and met- 
allurgical engineer and they were under no obliga- 
tion to take in their petroleum industry colleagues 
They saw quite clearly, though, that we all are, in the 
final analysis, a definite breed of men. We are all 
working with mineral resources and converting them 
to the use and convenience of mankind. We share 
common goals, common problems, and common interests 


Let me say for the petroleum industry and I feel sure 
that past president Everette De Golyer, John Suman, 
and Mike Haider will agree with me that this mutual 
association has been tremendously valuable, It has 
been so valuable that had there been no AIME for us 
to join, it would have been absolutely necessary to 
have invented one 


This Institute, then, has come far in the last 65 years 
It has made giant stride Jut to say that the road has 
never been bumpy—or to say that it will never again 
be rough—would be to distort the fact This being 


George Washington's Birthday,* we could very well 
* Originally presented at the AIME Annual Banquet Feb. 22, 1956 
draw an analogy, I believe, between the kind of prob 


ler that confronted him and our othe! forefathers 
vhen they founded our National Government and the 
kind of problems that have confronted those of us in 
AIME. They had different people and religions to 
merge into one political unit. We have had different 
fields of engineering to consider—fields of engineering 
that are close together in many basic respects but 


which, in other way are pole apart Our forefathers 
had geographical problem problems of varying con 
ditions in different area We have had similar prob 
len The matte! of the relation hip between the 
federal Government and the variou tate was an 
other knotty problem. On a smaller cale, we have 


had to work out similar functioning relationships be 
tween our National Headquarters and our many local 
ection 


We hall continue to have these problem The field 
of mineral engineering, once relatively limited, con 
tinues to widen day by day. As it dos the problem 
of our organization become more numerou increasing 
ly more difficult to administer our affairs in such a 
vay as to see that all members are served fairly and 
effectively. However, as long as we keep intact our 
common bond u long a we Keep alive that broad 
devotion to the engineering profession, no problem in 
AIME should prove too difficult for solution 


What can we as individual do about these prob 


lems? By putting out a little extra effort—and by 
keeping the proper amount of tolerance, the proper 
appreciation for the other fellow’s viewpoint—we can 


build a stronger AIME than ever before 


As yvour new President, I earnestly solicit your sup 
port in pursuit of that goal 


Cat E. Reistle, Jr. 
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Still in excellent condition after 
months. One of three nickel steel pinions 
from the 43” blooming mill of United 


States Steel Corporation at Youngs- 
town is ready for more gruelling work. 
months. 


Previous pinion life was 5'4 


3,500,000 tons of steel...their output 


Nickel steel pinions excellent after 3 years’ use 
where predecessors averaged 5% months 


WORKING 37 MONTHS without interruption in a 
13” blooming mill, three pinions cast in nickel alloy 
steel produced more than seven times the output 
of previous pinions . and were still in excellent 
condition, 

This performance ... in a United States Steel 
Corporation plant... reflects the high level of per- 
formance offered by cast steel containing nickel. 

Producer of the nickel steel pinions, Mackintosh- 
Hemphill Division of E. W. Bliss Company, Pitts- 
burgh, Pa., cast them in a $!.°% nickel, medium 
carbon steel. Heat treatment developed the follow- 


ing physical properties : 


100,000 
70,000-80,000 


Tensile Strength psi, min. 
Yield Point, psi 
Elongation © in 2” 25-20 
Reduction of Area, %. 50-45 
Charpy V-Notch Impact, ft.-lb. 20-17 
Hardness, Shore 34 
The properties of nickel alloys may be controlled 
to meet both fabricating and service demands. So 
when you need a metal for improved performance 
and fewer replacements .. . let’s talk it over. A 
nickel alloy may offer exactly what you want. 


Write for... “List A” of available publications. 
It includes a simple form that makes it easy to out- 
line your problem for our study. 


67 Wall Street 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Continued Expansion in Aluminum 


After contracting to deliver 320,000 tons of aluminum to Ford Motor 
Co. over the next ten years, Reynolds Metals Co. is embarking upon 
a major expansion program to double its alumina facilities near Corpus 
Christi, Texas, and increase the capacity of the Listerhill, Ala., plant 
to 100,000 tons of primary aluminum. While a substantial portion of 
this will be delivered in molten form to Ford's proposed foundry, 
expected to be the largest die-casting plant in the world, Reynolds 
also expects to increase substantially its output of aluminum sheet 
January U.S. primary aluminum production is near record levels, and 
producers expect to add a total of 137,000 tons to their capacity during 
1956. Nevertheless, consume! requirements continue to outpace avail- 
abilities 


High Purity Cobalt 


Important in this jet age, an electrolytic process for the production 
of 99.99 pet cobalt has been developed by the U.S. Bureau of Mines 
at its Rolla, Mo., station. Although still in the laboratory stages, the 
process can now produce high purity metal for research purposes. 


New Firm in Powder Metallurgy 


Schwarzkopf Development Corp. was recently formed to take over 
the American Electro Metal Corp. (of Maryland) and expand its 
activities to cover all fields of powder metallurgy. The new firm is 
the parent company of Europe’s largest powder metallurgy plant, 
the Metallwerk Plansee in the Austrian Tyrol. Another subsidiary, 
Mallory—Schwarzkopf—Metals Inc., expects to begin production of 
molybdenum and other metals by the end of 1956 at a new plant in 
Huntsville, Ala 


Noranda Expands Copper Capacity 


In order to treat ores and concentrates from an increasing number of 
Canadian mines, Noranda Mines Ltd. is extending its copper smelting 
capacity by 50 pet to reach an annual 175,000 tons by early 1958. Major 
items in the project are the installation of a third reverberatory fur- 
nace and the extension of converter capacity. 


International Tin Agreement 


Designed “to assure adequate supplies of tin at reasonable prices at 
all times,” the International Tin Agreement now has the necessary 
signatures to become effective. The agreement, providing for export 
controls and a buffer stock, has been ratified by ten consuming coun 
tries: Australia, Belgium, Canada, Denmark, Ecuador, France, India 
the Netherlands, Spain, and the United Kingdom. Five producing 
countries also have ratified: Belgian Congo, Ruanda-Urundi, Bolivia, 


Malava, Nigeria, and Indonesia 
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For research... for 
...for raw material inspection — 


New G-E x-ray diffraction unit 
fits any analysis program 


FF‘ KR fast, accurate qualitative or quantitative analysis 
of solids of liquids the General Electric XRD-5 
otfers a host of new advantages 

New ver tility! Bast components allow you to Start 
with high standard minimum equipment add fea 
tures as needs grow. Double duty! Twin-tubs operation 
achu ved sin | ly by adding ad second tubs and ma con 
trol. New accessories! A full range of new accessories 
enables users to tully « x| lout the advantages offered by 
diffraction and emission technics 

The XRD-5 works equally well when analyzing large 
or minute samples. As for speed one research labora 
tory cut its tune on a product identification test from 
two days to five mimnutes—one half of one percent of the 
time formerly required by conventional chemical analysis 

bor unplet information on the XRD-5, consult 
your (yb x-ray representative, Or writ X-Ray Depart 
ment, General Electrn Company, Milwaukee |, Wis 


consin for Pub, AY-34 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Wires, fibres, and rolled sheets 
all can be analyzed for preferred orenta 


new XRD accessory 


hgure goniometer. Results 


comparison of samy les 


quality control 


metal or plastic — 


ron by this 
iting pe le 


urat rect 


Manufacturers 
of the only 
compete 

x-ray line 
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Industry Learns From a Turbine 
pindle Failure 


Investigation of Turbine Failure Reveals — 


1. Thermal cracks and flakes in radial planes near 
forging center as cause of rupture 


2. Lack of hydrogen diffusion believed basic factor 


in crack formation 


Leading to — 


3. Application of new testing techniques and changes 
in production practice expected to prevent failures 


URING a routine test of the overspeed trip 
mechanism a large low pressure turbine spindle 
forging suddenly burst. Thi 
150,000 kw cross compound turbine generator unit 
The unit comprised a high pressure turbine, driving 
together with an inter- 


pindle was part of a 


a generator at 3600 rpm 
mediate pressure and a low pressure turbine driving 
a second generator at 1800 rpm 

The unit had been shut down for two days for 
maintenance work on its associated boiler. When 
the turbine was restarted, an attempt was made to 
perform the usual routine check of the overspeed 
trip mechanism. The 1800 and 3600 rpm generator 
were synchronized electrically and the 1800 rpm 
haft tripping device was tested satisfactorily at 
approximately 8 pct overspeed. The 1800 rpm shaft 
trip was then inactivated to permit the check of the 
high pre ire turbine trip, which was set for about 
10 pet overspeed, At 8.6 pct overspeed the low pre 
pindle burst suddenly and without 
well a 


ure turbine 
warning. Eye witnesses a vibration record- 
ing equipment agree that there was no preliminary 
vibration or warning prior to the actual failure 
Recording tachometers and hand tachometer obser- 
vation, together with the fact that the high 


ynchronized 


peed 
and low speed shafts were electrically 
all indicated that the spindle had not exceeded the 
usual 10 pct overspeed limit. Prior to the failure 
imilar overspeed trip tests had been performed on 


nine different occasion 


R. G MATTERS, R_ E LOCHEN, J A. DEDINAS, and H. K 
IHRIG are with the Research Laboratories, Allis-Chalmers Mfg. Co, 
Milwaukee 


of this type in the future. 


by R. G. Matters, R. E. Lochen, J. A. Dedinas, and H. K. Ihrig 


The 55-ton low pressure spindle forging had a 
central body approximately 83 in. in diam by 52 in 
long with integral shaft extensions or arms abeut 
9 ft long. The shaft extensions each carried three 
hown in Fig. 1 


forging burst into four 


hrunk-on blade ring a“ 

The main body of the 
quarter segments each weighing about 7 tons. Fifty 
four pieces of the spindle, accounting for practically 
its entire weight, were recovered for the examina 
tion 

The spindle forging had been made from nickel 
molybdenum-vanadium steel, normalized and tem- 
pered to develop high yield and tensile strengths in 
accordance with ASTM specification A-293, class 6, 
given in Table I (See p. 324) 

A portion of the bore of this forging had been 
enlarged by local bottle boring to remove small 
defects observed in periscopic inspection, Based upon 
inspection procedures then current (melt analysi: 
of the after heat-treat 
ment, periscopic inspection of the bore, heat indi 
surface inspection) the forging 


teel used, mechanical test 


cation, and general 
was considered acceptable at the time it was pro 
duced 

In addition to the usual inspection referred to 
above, the forging had been examined by the use 
of the ultrasonic reflectoscope, and photographs had 
been taken of several ultrasonic patterns. This ex 
amination was performed largely to obtain experi 
ence with the ultrasonic equipment. Reflectoscope 
patterns typical of this forging are shown diagram- 
matically in Fig. 2. At the time the forging was pro- 
duced, it was thought that these patterns were caused 


by inclusions normal in a large forging of this type 
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Investigation Utilizes Varied Testing Methods 


triking 
eature observed in the preliminary examination of 


General Examination: Probably the most 


the fragments was an obvious fatigue crack at the 
fillet between the generator-end arm and the main 
body of the spindle. The fatigue crack 
deep, extended for a circumferential distance of 17 


typi al of 


about 3 in 


in. Fig. 3 shows the concentric marking 

igue cracks on this fractured surface. These con 
centric markings focus upon an apparent defect in 

forging at the location indicated by the letter A 
A second possible defect in the fillet of this forging 

indicated by the letter B. In addition, there are 
ome sharp interruptions in the usual smooth sur- 
face of the fatigue crack at locations C and D. These 
probably were caused by defects in 
In the final portion of the fracture, the 
encircled areas of different texture were also prob- 
defect 


interruption 
the forging 
ubly caused by in the forging 

The main body portion of the forging broke into 
approximately 
The radial fractured surface were very irregulat 
and hatch indicated that the 
tarted near the bore toward the turbine end of the 
ed to the outside. Small granular 
fractured 


quarter segments along radial plane 


marking fracture 
pindl and progure 


observed on the urfaces at 


“urea were 


many locations where sudden changes in the direc 


tion of fracture occurred. These small granular area 
were recognized to be thermal cracks or flakes in 
the forging 

In addition to the 
main body fragments have secondary fracture sur 
face that started at the fillet between the 
body and the haft extension These 


form approximately conical 


radial fracture surfaces, the 
main 

econdary 
urface that 
tend to intersect the bore near the mid-length of the 


fracture 


main body. The relationship between the approxi 
mately conical fracture and the radial fracture 
may be seen in Fig. 4. The very close match of the 


conical fracture urface acro one of the radial 
fracture planes indicates that the conical fracture 
tarted before the radial fractures in thi 


there is a definite mismatch between the 


plane In 
contrast 
and the radial fractures in 


conical fracture surface 


the plane 90° from the above 


The fragments of the main body were assembled 
in two cradles to restore each fragment to its orig- 
inal position and to permit examination of the com- 
plete radial plane of failure. The assembly of one 
half the main body and the primary 

hown in Fig. 5. The almost flat continuous frac- 
ture across all the fragments in this plane may be 
een. Hatch markings on the fracture indi- 
cated a generally radial progression of fracture at 


the turbine end of the forging and a tendency for 


plane of failure 


urtace 


an angular fracture progressing toward the gen- 
erator end at that end of the forging 

A similar assembly of half the spindle to show 
the plane of failure at 90° to that previously dis- 
cussed is shown in Fig. 6. The fractures in thi 
do not show the continuity of fracture surface pre- 
viously described. The hatch markings on the conical 
fragments D, 22, and I indicate fracture in a longi- 
whereas the 


plane 


tudinal rather than radial direction 
fractures of the main quarter 


radial. It is believed the conical fragment 


are definitely 
had been 
epgment 


ection 
ubstantially separated from main body 
prior to failure of the main body in thi 

It appears that fracture started in the plane 
in Fig. 5. Although the exact location at which 
failure began cannot be determined with certainty, 
hatch markings on the fracture 
point to a location at or near the bore toward the 
turbine end of the main body. Possibly failure orig- 
inated at the large granular area near the bore in 
hown in Fig. 5. It is believed that the 
approximately conical fractures, which extended 
from the fillets between the main body and shaft 
extensions toward the bore at the center of the main 
body econdary failures that started afte 
failure in the plane shown in Fig. 5. These conical 
fractures appear to have been well advanced at the 
time the two halves of the 
More or le: imultaneously the 
began to fail along the plane of secondary 


plane 
hown 


urface generally 


piece AA 


were 


pindle began to fail into 
quarter conical 
fragment 
failure of the main body halve 
econdary failures of the conical fragment 
to have started near the center of the main body 


and then progressed toward the arm 


into quartet! The 


appeal 


Fig. 1—The central body of 
the 55-ton low pressure turbine 
spindle forging burst into quad 
rants during routine tests at 
the Ridgeland power station in 
Chicago 
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Ultrasonic Reflectoscope 


Turbine failure provides key to 
ultrasonic examination of forg- 


ings. Readings previously inter- 


preted to be normal inclusions 
prove to be flakes and thermal 
Fig. 2a—Arrangement of flakes in the large turbine spindle 


cracks. forging 


ANGULAR LOCATION OF NUMBERED 
ULTRASONIC TESTS 


GENERATOR 36 
END 


ROUGH — ; | ~ FINISH 
MACHINED . / MACHINED 
FORGING FORGING 


and after failure 


Fig. 2—Ultrasonic reflectoscope pattern of the spindle forging was substantially the same before 


Fig. 3—Section of shaft shows fatigue crack in fillet between 
generator-end shaft extension and main body Concentric 
markings indicate that fatigue crack started at a defect, A 
Other probable defects are shown at points B, C, and D 


Lines | and 2 through detect D indicate planes of longitudi quarter sections from the main body 
show the secondary fracture and the fatique crack, indicated by a 


bracket, on Section Ill Arrows show apparent directions of 
conical failures at the fillet in the plane AA but not in the 
other plane. About X01, reduced here appromixately one half 


Fig. 4—Generator end of the assembly of the four large 
Note conical shape of 
nal microspecimens taken from this zone. Circles 
changes in texture of the final fracture which are believed 
to be defects. About X065, reduced here approximately 
one half 
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section of the 
mooth 


Ultrasonic Testing: One quarter 
et up in a boring mill and a 
turned and the ends were 
With thi 


ection could be in- 


main body wa 
cylindrical surface was 
faced to permit ultrasonic examination 
preliminary preparation, thi 
pected in the same manner as a new forging, except 
that there was no bore to furnish a back reflectior 

Ultrasonic examination from the end faces of the 
ection revealed relatively few indication 


readily 


quartet 
The outer portions of the forging could be 
penetrated by the ultrasonic beam. However, within 
the mid-radius of the forging, only a very small 
back reflection from the opposite face of the forging 
could be observed. It appears that the large number 
of cracks, oriented generally in line with the direc- 
tion of the ultrasonic beam, scatter much of the 
energy within the beam and reflect only a small 
amount of energy to the crystal. Hence the back 
reflection is reduced in the zone which contains many 
cracks, but the cracks are not distinctly indicated 
Radial tests from the turned 


in the ultrasonic test 


320—JOURNAL OF METALS, MARCH 1956 


fractured 


Fig. 5—Assembled 
pieces of the main body in the 
primary plane of failure. This 
plane of fracture was almost 
flat across all the fragments 
Granular areas of fracture 
which are apparently defects 
have been circled. Arrows in 
dicate apparent direction of 
fracture. About X0.1, reduced 
here approximately one half 


urface revealed many ultrasonic indications within 


the mid-radius zone of the forging. Within this sec- 
tion, 609 ultrasonic indications over '4 in. amplitude 
test the instrument was set 
to produce a %-in. indication from a '% In. hole 
1 in. deep at a distance of 18 in. If it is assumed that 
the indications are uniformly distributed within the 
forging, this number corresponds to a total of 3130 
indications within the main body. Since a consid- 
volume of metal is missing from the four 
quarter sections, this estimate is a reasonable check 
on the previous estimate of 5000 cracks within the 
It also bears out the fact that the ultrasoni 
indications are probably from flakes 

Ultrasonic tests of the spindle shaft extensions 
revealed very few indications except immediately 
adjacent to the main body. In the zone immediately 
adjacent to the main body, both the generator end 
and turbine end shaft extensions contained a con- 
iderable number of ultrasonic indications, which 
are probably from flakes similar to those found in 


were observed. For thi 


erable 


forging 


Fig. 6—Fractured pieces of the 
main body assembled in a plane 
at 90° to the primary plane 
shown in Fig. 5. Note lack of 
continuity of direction of frac 
ture in this plane, especially 
pieces D and 22, and partial 
fracture of piece /. About X01, 
reduced here approximately one 
halt 
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SHAFT EXTENSION 


BALANCING HOLE 


Fig. 7—Sulfur prints of the longitudinal slabs from the quarter section, piece A-A, and trom the shaft extension on the generator 
end. Note distribution of sulphur segregates and effect of forging. About X0.20, reduced here approximately 30 pct 


the main body. This could be expected, since this 
portion of the shaft extension actually was a por- 
tion of the main body as forged 

To summarize, the ultrasonic tests have shown 
numerous indications within the mid-radius of the 
main body of the forging. These indications are sub- 
stantially the same as those observed when the forg- 
ing was originally produced. It is believed that these 
indications resulted from the radial thermal cracks 
or flakes observed in the macroetch examinations 
Longitudinal tests did not reveal these cracks by 
distinct ultrasonic indications, but a severe loss of 
back reflection occurred 


Macroexamination: Longitudinal slabs, which had 
been approximately in the same plane in the orig- 
inal forging, were cut for macroexamination from 
the generator end shaft extension, from one quarter 
of the main body, and from fragment AA, Fig. 5 
A transverse slab was also cut from the same quar- 
ter of the main body 

Magnaflux examination of the slabs clearly re- 
vealed numerous cracks in the main body portion 
of the spindle. These cracks were generally oriented 


Fig. 8—Longitudinal slab from a quarter of the main body 
deep etched in 1:1 hydrochloric acid The cracks are gen 
erally associated with the sulfur segregations. About X0.15, 
reduced here approximately 55 pct 


Fig. 9—Longitudinal slab from piece A-A deep etched in 1:1 hydrochloric acid. Piece A-A extends to the bore within the 
main body. Cracks associated with segregates may be seen in this slab. About X03, reduced here about 25 pct 
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GROOVES FOR BLADES 
>. 
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in radial planes with a maximum dimension in the 


longitudinal direction of the spindle and were located 
between the mid-radius position of the forging and 


the bore, a hown diagrammatically in Fig. 2a 


crac were observed within approximately 
from the bore 

Sulfur prints were made of all the slabs prepared 
In Fig. 7 the sulfur prints of 
the longitudinal slab how elongated 
gates deformed by the hot-working of the 
rhe sulfur segregation was le 
bore of the forging. The 
more elongated and thinner in the 
which had less reduction in forg- 
ingot. In general, the cracks in the 
ociated with the 


for macroexamination 
ulfur segre- 
forging 
pronounced near the 
epregate were 


pindle arm than 


ulfus 


in the main bods 
ing from the 
main body of the forging were a 
elongated sulfur segregate 

The slabs were etched in hot 1:1 hydrochloric 
acid to develop their macrostructure. Fig. 8 show 
25 cracks on the longitudinal slab from the quartet! 
of the main body. These cracks are generally asso- 
ciated with the sulfur segregations as previously 
discussed. Average length of the cracks in thi lab 
was 1.71 in. The longitudinal slabs from the 
piece AA, in Fig. 9, 
egregates and cracks as previously observed, to 


pindle 
arm and from the contained 


gether with some loosen or slight porosity neat 
the bore A transverse 
the main body contained 56 crack 
length of 0.79 in. Based on the area 
etched slab 
them, the total number of crack 
were estimated to be approximately 5000. It is be- 
lieved that these are thermal cracks or flakes that 
to which 
ubjected during processing. Such 
induced 


lab from the quadrant of 
having an average 
of the macro- 
and the number of cracks observed in 


within the forging 


developed during one of the cooling cycle 
the forging wa 


cracks are probably produced by stre 


»y thermal transformations combined with the im- 


pairment of ductility caused by hydrogen in the 
teel. Probably the sulfur segregat« 


the thermal cracks both by direct reduction in duc- 


erved to locate 


tility caused by the presence of inclusions and by 


the provision of imperfections for collection of gase- 
ous hydrogen under high pressure 

A portion of the generator-end 
removed so that the zone in the vicinity of the 
tudied in detail. Magnaflux 
inspection revealed a number of cracks on the turned 
urface of the pindle arm in thi Zone Macro- 
examination of the section cut through the crack 
revealed flakes associated with 
imilar to those observed in the main body of the 
zone of the forging actually was a 
forged 


pindle arm wa 


fatigue crack could be 


ulfus egregat 


forging. Thi 
portion of the main body a 

Mechanical Properties: Complete hardness trav- 
from the 
from the 


erses were made on the longitudinal slab 
main body and on the transverse slab 
Because of the large size of the piece 
were made with a hamme! 


pindle arm 
involved, these test 
srinell, a comparison type of instrument in which 
made simultaneously on the piece be- 
tandard. The 
erved were very uniform and ranged from 245 to 
255 Brinell 


Numerous tensile test 


impre ion 1 


ing tested and on a hardnesses ob- 


in the longitudinal, radial, 
and tangential directions were taken from variou 
locations within the main body of the forging. Sev- 
eral of the tensile test bars taken near the center of 
the forging were not tested because they contained 
crack Results of the tensile test ummarized 
graphically in Fig. 10 

All tensile specimens taken from each end and at 
mid-length at the outside surface of the main body 


10—Results of longitudinal, radial, and tangential tensile tests of turbine spindle 
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Fig. 11—Microstructure of test bar taken near the center 
of the main body. Uniform acicular structure of ferrite and 
carbides. About X500 Picral etch 


met all specification requirement In mo 
the tangential and radial test 
locations met the ductility 
tudinal specimen 

Most of the pecimen bore of the 
forging met the specified yield and tensile strength 
There was, however, a general tendency for the yield 
trength at the bore to be lower than that at the 
of the forging. Ductility of taken 
near the bore of the forging varied widely, from 2 
to 19 pet elongation in 2 in. and from 3 to 49 pet 
reduction of area. Flat fracture with very low 
ductility were relatively common. A few of the test 
bars taken near the bore had fractures containing 
which are during the testing of 
teels containing large amounts of hydrogen 

The few test taken from mid-radius of 
the forging generally met the specification require 
_ although they had slightly less ductility than 
taken from the outside of the 


pecimen 
requirements for longi 


taken near the 


outside pecimen 


fisheye formed 


pecimen 


ment 
imilar specimen 
forging 

Te t bar 
bore of the 


perature 


taken from one location near the 
tigation of low tem 

heat-treatment on the ductility of the 
material. Untreated test bars from this location had 
low ductility, 7.5 and 3.0 pct elongation, respec 

tively. The test bar which had the t elongation 
also failed to meet the trength requirement 
although it met the vield Two 
test bars from the same location which were baked 
for 2 hr at 400°F prior to tensile tests had excellent 
ductility and satisfactory strength ductility, 
which is considerably improved by low temperature 
heat-treatment “4 effect resulting from 
olution in the steel 
thin 


were 
forging for the inve 


lowe 
tensile 
trength requirement 


Low 


typical 
mall amount ydrogen in 
Such hydrogen removed from 
baking at 400 F 
V-notch Charpy 
peratures of » 400 Ff 
of the 


ection by 


impact test made at tem 


to determine fracture tr: 


material in this forgi 
both 


imately mid 


ition temperature 


were taker longitudinal 


Specimen 
radial directions from radiu 

body of the forging. The impact streng 
stantially nstant from 0° to 100 F 
and increased slight! 
There was no 
between th 


at 175°F 


mpact strengt! 
fracture 


ample The 


teel, based ipon pct 


ab orptior Wa approximatel\ 


Fig. 12—Microstructure near the outside of the main body 
Uniform acicular structure of ferrite and carbides with a 
few manganese sulfide inclusions. About X500. Picral etch 
Metallographic Examination: The microstructure 
of all test bat 
ferrite and very fime 

12 show that 
in microstructure 
nickel-molybdenum 


examined consisted of an aciculat 
pheroidized cat 
there wa 


mixture of 
bide Fig ll and 
tically no difference 
ide to the center of this large 
vanadium steel forging. The acicular microstructure 
tempered 


from the out 


observed is typical for normalized and 

forgings of thi 

a tempe red bainite 
Although the 


parent in the 


analysis and may be described a 


ulfur segregation was very ap 


macroexamination, particularly by 
metallographic examination showed 
The sulfur seg observed 


zones in which the 


ulfur printing, 

ulfide 

were 
occurred with much greatet 


no massive revate 
microscope 
than 


because of 


in sulfur print 
ulfide 
average frequency. The 
the large ingot used in the production of the 
forging, considerably larger than would be « 
ize rolled bar stock but still were of mi 
rather than macroscopic size 
quit 


inclusion 
inclusions were 
heavy 


x pected 


in small 
cro copie 

Crack in the 
followed some 


were irregular and 


forging 


may have previous austenitic grain 


boundari In many case these 
ulfide inclusion 


pecimen wa 


crack were defi 


nitely associated with 

A metallographiu 
the apparent origin of the fatigue 
hown in Fig. 3. The irregular surface of the 
of the fatigue crack and the smooth fatigue 
urface were 


men, Fig 


prepared through 
Crack location A 
origin 
crack 


evident by examination of this speci 


Fig. 13—Section through start of fatigue crack Irregular 
zone at top is the nucleus of fatigue crack and smooth zone 
at right is a section through the fatigue crack surface X5, 


reduced approximately 45 pct 
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thio 
13 |. 
a 
nd 
| ind < 
longitudinal tion tem- ; 
perature of this of maxi- 
mum energy 250°F 


Microspecimens were also prepared along planes 
1 and 2 at location D shown in Fig. 3. The specimen 


along plane | contained no defect and only an ir- 
ie surface could be observed 


regularity in the fatig 
The specimen along plane 2 contained cracks at the 
location of the step in the fatigue surface. It may be 
assumed, therefore, that the other abrupt step in the 
fatigue urface at location C also indicate the loca- 
tion of a crack 

Chemical Analyses: A complete chemical analysis 
of a sample taken from approximately the mid 
radius of the main body was determined. Results of 
this check analysis may be compared with the re- 
ported heat analysis and the specification require- 
ments as shown in Table II 

The check chemical analysis met all requirements 
of the specification and checks the reported heat 


analysis within the expected accuracy of analysis 

An attempt was made to determine the sulfur 
content of the segregates as compared to that of the 
material adjacent to the segregate, with results as 
follows 


Adjacent te 
Segregates, Pet 


Sulfur Contents 
in Segregates, Pet 


0 044 0.020 
0.030 0.022 
0.027 0.026 
0 050 0.023 
0 054 0 061 
0.047 0.027 


In general, the drillings taken from the segregates 
had somewhat higher sulfur content than those 
taken adajcent to the segregates 


Table | Metallurgical Specifications in Spindle Forging 


e strength pel 105,000 minimum 
eld strength, 0.02 pet offset pei 45,000 minimur 
migat 

Longitudina pet 16 minimum 
Hadia r tangential pet 12 minimum 


pet 10 minimum 


Hadial or tangential pet 23 minimum 


Chemical Analysis Limite 


Carbon 025 to 0.45 pet Nickel 2.50 to 3.50 pet 
Manganene 60 to 0.90 pet Chromium 0.25 to 0.75 pet 
rv phoru 0 x Molybdenur 0.40 to 0.60 pet 

0.05 minimum 


Sulfur OS tax Vanadium 


Table |. Chemical Analysis of Samples 


Reported 
Heat 
Check Analysis, Specification, 
Specimen Analysis, Pet Pet Pet 


Carbon 0.33 to 0.35 0.34 0.25 to 0.35 
Manganese 069 0.73 0 60 to 0.90 
Phosphorus 0.036 to 0.096 0 032 0.05 num 
Sulfur 0.021 to 0.021 0024 0.05 maximum 
Si or 0.26 o24 0.20 to 0.35 
Nickel 270 to2.70 284 2.50 to 3.50 
Chromiun 049 to 042 049 0.25 to 0.75 
Molybdenun 049 0 049 046 0.40 to 0.60 
Vanadiun 007 to 007 0.07 0.05 minimum 


The chemical analysis of the material used for 
this forging met all requirements of the specifica- 
tion. Mechanical tests of the specimens taken from 
the outside and at mid-radius of the forging also 
met the specification requirements. Test specimens 
taken near the bore tended to have lower yield and 
tensile strengths and frequently had very low duc- 
tility. Some reduction of ductility is to be expected 
at the center of a heavy mass, but in this case the 
reduction was considered to be excessive. The frac- 
tures of some of the deep-seated specimens con- 
tained fisheyes. Tests of duplicate specimens that 
had been heated to a low temperature, 400°F, re- 
ulted in normal ductility. Fisheyes and low duc- 
tility, which may be considerably improved by a 
low temperature heat-treatment, are typical effects 
of large amounts of hydrogen in steel. Macroex- 
amination of the forging indicated that the main 
body contained approximately 5000 crack These 
cracks were generally oriented in radial plane 
with their maximum dimensions in the longitudinal 
direction. They occurred most frequently in zones 
of sulfur segregation in the main body of the forg- 
ing. These cracks are believed to be flakes produced 
while the forging was cooling from a high tempera 
ture or while it was standing at room temperature 
after such cooling and prior to a tempering or stress- 
relieving heat treatment. Flakes are generally con- 
idered to be caused by thermal transformation 
stresses combined with severe reduction in ductility 
caused by the collection of gaseous hydrogen under 
high pressure within imperfections in the steel. No 
cracks were observed in the portions of the shaft 
extensions which were forged to relatively small 
diameters. Apparently cracks did not occur in these 
maller sections because the transformation stresses 
were lower and possibly because more of the hy 
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Summary and Conclusions 


drogen could diffuse from these smaller sections 
than from the main body 

Ultrasonic reflectoscope indications observed in 
examination of the failed spindle were very similar 
to those observed at the time the forging was made 
It must be concluded, therefore, that the thermal 
cracks or flakes were present at the time the forging 
was first inspected and that the ultrasonic indica- 
tions were from flakes rather than from inclusions 

It is believed that the fatigue crack that developed 
at the fillet between the generator end shaft exten- 
ion and the main body was not a factor in this 
failure. Assumption of the fatigue crack as the 
origin of failure would not lead to the symmetrical 
pattern of failure which was observed. Origin of the 
fatigue crack was identified as a thermal crack or 
flake that happened to occur in the fillet between 
the shaft extension and the main body. This fillet 
was the location of moderate stress concentration, 
and the additional stress concentration owing to the 
flake resulted in development of the fatigue crack 

Detailed examination of the fractured pieces indi- 
cated that failure began in the plane shown in Fig 
5 at or near the bore toward the turbine end of the 
main body. The assumption of this origin of failure 
leads to a consistent sequence of failure and explains 
the high degree of symmetry of the broken parts 
It is believed that the large number of thermal 
cracks or flakes within the spindle was the primary 
cause of failure 

Although this was a serious failure, much has 
been learned from it. It is now possible to interpret 
tests much more accurately, and it should be pos- 
sible to avoid such accidents in the future. Changes 
in practice in the manufacture of such forgings 
should also avoid hydrogen solution and subsequent 
cracking 


Me 
Ss 


IME and recovery of metallic values are majo! 
variables affecting the cost of production of stain- 
le tee! tjoth can be influenced significantly by 
control of the oxidizing period of the heat. When 
gaseous oxygen is used for refining, considerable 
metallic oxidation generally occurs, so that in the 
following stage of the heat much time and material 
must be expended to recover a portion of these 
values, while the remainder is lost to the tapped 
lag. It is usually desirable, therefore, to hold metal- 
lic oxidation to the minimum consistent with good 
operating practice 
The beneficial effect of high temperatures fo! 
limiting metallic oxidation has been amply demon- 
trated, but refractory life may restrict the extent 
to which this knowledge can be applied. The prob- 
lem is to control the oxidizing period of chromium 
teel heats to the shortest time at the highest prac- 
tical temperature 
Limited understanding of specific effects of oxygen 
input rates has hampered the development of opti- 
mum practices. Because temperature attained dur- 
ing the oxygen blow results from exce heat input 
over heat losses, an evaluation of the heat balance 
of the oxidizing period has been made." 


° Fi ‘ iation part of a broad stud of the metallurg of 
t i ‘ ting ried it by the Linde Air Products ¢ 
nd the Elect let rem c t their Metals Rese h Labora 


sy means of immersion thermocouple measure- 
ments of bath temperatures, by calculations of heat 
distribution among the bath and furnace refractories, 
and by calculation of radiation losses, the heat- 
loss rate of a l-ton are furnace melting stainle 
steel experimentally was determined. The heat flow 
calculations were then employed to extrapolate thi 


G. W. HEALY is with the Metallurgical Dept. and D. C. HILTY 
is with the Metal Research Laboratories, both of Electro Metal 
lurgical Co 
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MINUTES AFTER START OF OXYGEN BLOW 
Fig. 1—Influence of oxygen input rate on bath temperature 
during the oxygen blow 


Oxygen Blowing Rate in Stainless Steel Melting 


by G. W. Healy and D. C. Hilty 


empirically established heat-loss rate to furnaces of 
larger size. Previous parts of this general investiga 
tion have dealt with the fundamental chromium- 
carbon-temperature relation,’ ° phase relations and 
oxygen solubility in the fundamental iron-chro- 
mium-oxygen system, and metallic oxidation du 
ing the oxidizing period of stainle tee] heats." The 
heat-loss data were combined with the results of 
the earlier work to set up the heat balance as a 
quantitative relationship by which metal compos! 
tion after the oxygen blow can be calculated, pro 
vided that furnace size, composition and tempera 
ture of the furnace charge before the blow, and 
amount of oxygen used and duration of the oxidizing 
period are known. Details of this development are 
the subject of a forthcoming publication,’ in which 


it is demonstrated that the method of calculation | 
reliable for practical application. The procedure was 
tested against operating data for stainless steel heats 


made in l-ton, 5-ton, and 25-ton are furnaces 

This method of calculation has been employed to 
construct some graphs illustrating the effects of 
oxygen input rate on several of the variables during 
the oxidizing period for one set of starting condi 
tion It is assumed that a 10-ton furnace is em 
ployed, melting in at 9 pet chromium, The oxygen 
blow begins when the bath temperature reaches 
2900 F, and the carbon content of the bath at that 
time is 0.36 pet 

As the blow progresses, the bath temperature 
usually rises, a hown by Fig. 1. For very low 
blowing rates, the temperature levels off; as higher 
blowing rates are employed, rate of temperature 
rise increase Progress of decarburization can be 
followed in Fig. 2. The oxygen input rates that 
result in a rapid rate of temperature rise also lead 
to a rapid drop in carbon. On the other hand, with 
the low blowing rates, decarburization to a low level 
appears to be practically impo ible 
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c 
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MINUTES AFTER START OF OXYGEN BLOW 


Fig. 2—Influence of oxygen input rate on progress of de 
carburization 
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Fig 3-—Influence of oxygen input rate on oxygen consumption 


The term rate has been used rather 
what is meant here is the total 
divided by the total duration of the 
rather than the rate 
injected. It 
changing 
heat is being lost during 


and it must be 


blowing 


loosely ratio of 


oxyven used 
oxidizing period while oxygen 


is actually being nece ary to take 


tirne lances, am- 
and the like 


interruption 


into account pent in 


pling because 
theese 
temperature rise 

It would 


to reach a given carbon level 


replaced before 
can be resumed 

Fig. 2 that the time needed 
than 
that 
indeed 


eem from 
increases faste! 
the corresponding blowing rate decreases, so 
used at the low rate This | 
Fig. 3. The lower the oxygen input 


more i 
eon in 
rate, the 
remove the same amount of carbon 
between each of the and the bottom line for 
theoretical oxygen consumption is a measure of the 
The next 
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feet of oxygen are needed to 
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more 
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Fig. 5—Influence of oxygen input rate on relative efficiency 
of oxygen referred to carbon removal only 
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Fig. 4—Influence of oxygen input rate on metallic oxidation 
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decarburization used, a 
hown in Fig. 5 
average efficiency of 
down from 0.36 pet carbon to the level 

The effect of the 
oxygen efficiency is also apparent from Fig. 5. The 
lower the final carbon, the 
per pound of carbon removed 

All information 
irability of high ox 
be practical limitation 


graph represent 
blowing 

hown 
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more Oxy#en 1s expe nded 


presents d thu far appeal! to 
indicate the de ygen input rate 
However, 
to the maximum 
furnace, knowledge of the temperature 
given blowing rate is necessary 
Such information is given by Fig. 6. Here the 
perature of the bath reache the de 
plotted against the oxygen input rate 
that, in blowing to a given carbon 
be extremely 


ince there may 
safe operating temperature of a 
that may be 
expected from a 
tem- 
when it ired 
carbon level | 
It is noteworthy 
level, the blowing rate 
critical with temperature 
quently, the amount of chromium that will be 
tained in the bath. The higher blowing rate 
relatively uncritical in this re 
temperatures that 
depending on the bath composition 


lowe! may 


regard to and. conse- 


pect but result 
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oxidation of 
higher 
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implications of these 
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higher oxygen rate 
tirme 
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condition 


input 
lower oxygen consumption, le 
other metallic values, 
temperatures. Moreover, for a 
, there is a critical blowing rate that must 
be exceeded if effective 
attained at all. The quantitative 
oxygen input rate may be indicated by the 
ing example derived from the graph 
Consider a heat containing 9 pct 
0.36 pet carbon at a temperature of 2900 °F before 
According to the graphs, in a 
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rate of 600 cu ft of 
oxygen per hr per net ton of charge. Approximately 
160 Ib of manganese per ton 


of char 
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If the blowing rate were increased to 2000 cu ft of 
oxygen per hr per ton of charge, the same carbon 
level could be reached in 9 min at a temperature 
of 3300 °F with the 
oxygen per ton of charge and the oxidation of only 
45 lb of metal per ton of charge. At a blowing rat 
of 250 cu ft of oxygen per hr the heat presumably 


consumption of 300 cu ft of 


would lose temperature and fail to decarburize 
atisfactorily 

For purposes of illustration, the diagrams discussed 
above have been derived on the basis of a 10-ton 
furnace. The quantitative relationships are consid- 
erably different for furnaces of other size o that 
imilar chart 
must be constructed for the specific furnace in que 
tion. An indication of the effect of furnace size on 
the bask 
Here the relation between blowing rate and tem- 
perature of the bath when 0.05 pct carbon Is reac hed 
is shown for three different furnace 512 It can be 
een that, to obtain the same final temperature, a 


for application of these principles, 


temperature relation is given by Fig. 7 


blowing rate per ton of charge 1 
The reason for this 1 


much higher 


needed in the small unit 


that the heat loss rate per ton of charge much 


larger in the small furnace, so that energy as heat 
of oxidation must be introduced at a faster rate to 
compensate for the losses 

These 


design and control of more economical practice 


relations appear to suggest means for the 


In practice, however, there may be numerous var! 
control, so that condition 
outlined here. The magni 


been calculated for 


ables under incomplet 


are not so clean-cut a 
tude of some of these effects ha 
a 10-ton furnace and the same starting condition a 
outlined above. For example, if the starting tem- 
perature is 100 °F 
compensating change | 
then the temperature at the end of the 


lowe! and the 


lower than anticipated, and no 
made to oxygen volume and 
input rate, 
blow will be 
carbon 0.015 pet higher than expected when aiming 
for 0.05 pet carbon after the blow. An error of 10 
pet in estimating the volume of oxygen per ton of 


approximately 65 F 
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affected 


charge is equivalent to 
carbon or 45°F. These errors are not greatly 


by furnace size or blowing rate 
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Fig. 6—Influence of oxygen input rate on maximum tempera 
ture attained at end of oxygen blow 


Because of such variations, it becomes necessar) 


to introduce a margin of safety to guard against the 
production of off-grade heats. In the case of a shop 
and corresponding long 
blowing time it is possible to ample the bath at 
an intermediate stage and to get back the re ult 
a guide in determining 


using a low blowing rat 


oon enough to use them a 
when to end the blow If 
rate are used, the amount of oxygen injected ha 
to be predetermined In this case, the margin of 
afety would consist in blowing to a lower average 
temperature 


however, high blowing 


carbon level, which means a higher 
How much higher depends upon the degree of con 
trol that has been achieved over such variables a 
temperature before the 
during the blow, and knowledge of charge composi 
tion and weight. The closer the control ove these 
the closer can the theoretical conditions be 
The ultimate practice could be visual 
bath 
measured when the charge | ubstantially melted 
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used at a predets rmined rate to bring the 

tandard starting temperature. Anothe 
consulted to determine the amount of 
used at the 
upon charge composition 


blow, metering of oxygen 
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approat hed 
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power 1 
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raph 
xygen to be pecified rate, depending 
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As such controls are instituted, and their precision 
improved by use of better equipment and increased 
to approach 
theoretically 


experience, it hould become possible 
little by little the conditions that are 
feasible. It will then be possible to effect 
in time and materials, as we lla 
product without fear of off 


ubstantial 


aving to improve 


the uniformity of the 
etting the gains by excessive refractory damage 
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New Development In 


Metal Cladding 


by George Durst 


5 ie clad metals, or broadly speaking, to coat one 
metal with another to form a composite, an 
astonishing number of techniques and processes are 
available 
hot pressing and fusion welding 
nological viewpoint, the bonding proce 
follow 


ranging from electrochemical methods to 
From the tech- 
ses may be 
grouped a 

1) jonding by simultaneous application of heat 
ure welding, cladding by hot 
ure bonding. These may 


and pressure, €.g., pre 
rolling, and hydrostatic pre 
be called single tep process¢ 
2) jonding by pressure with subsequent appli- 
cation of heat, e.g., powder metallurgy, which is a 
two-step proce 

4) jonding by heat without pressure, substan- 
tially all liquid phase methods. Examples are pud- 
dling of a molten on a solid metal, dip coating, fusion 
welding, brazing, and soldering. These are single- 
tep process 

4) Bonding without heat and without pressure 
vacuum coating, and 
deposition from vaporized compounds. Again, dis- 


teps, these are single- 


Examples are electroplating 


regarding the precleaning 
tep proce ‘ 

5) Cold bonding, a new three-step process’ de- 
cribed in this article 

All methods of group | have in common the simul- 
taneous application of heat and pressure. This simul- 
taneity has been taken for granted for so long that 
the very idea that heat and pressure might be applied 
eparately escaped investigation. Indeed, it is not an 
obvious thought that a separation of the two steps | 
feasible even though in powder metallurgy exactly 
the ame practice 1 There is, how- 
ever, a fundamental difference between the compact- 


commonplace 
ing technique used in powder metallurgy and a 
method for getting the surfaces of two solid metalli 
bode into intimate contact and keeping them in 
uch contact before and during additional treatment 
The main difference les in the fact that in a powder! 
compact there exists a random stress distribution, 
while a concentration of large stresses develops be- 
tween adhering metal sheets where all contact points 
lic substantially in one plane. In the case of adher- 
ing sheet a resulting opening force will destroy 
any adhering contact points one by one, even if their 
average number and character is of the same ordet 
as that in a powder compact. The term alligatoring 
compares the opening of two poorly adhering sheets 
with the opening of the jaws of an alligator. The 
versatile method described below has solved the 
alligatoring problem. Used with success on more than 
400 metal combinations, this three-step cladding 
technique was developed at Metals & Controls Corp., 


where it is known as the P.T. process 


G. DURST is Senior Research Engineer, Metals & Controls Corp., 
Attleboro, Mass 
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Fig. |—Surface cleaning, vital to the process, is carried out 
in the abrading devices at right in view 


The Principle of Three-Step Cladding: Prelim- 
inary to development of three-step cladding, a 
made for a technique by which two sur- 
ufficiently to 


earch wa 
face could be 

“ate a large number of metallic 
were to be numerous enough to hold 


queezed together 
contact points 
These point 
the two surfaces together, if the assemblies were 
handled with reasonable care. It was felt this this 
was possible with all metals, although the problem 
previously had been solved only in combinations in 
which at least one component was a very soft metal 
and, as a rule, of thin cross-section. Tin, lead, and 
gold—and (during the last decades) aluminum 
had been stuck together at relatively low tempera- 
tures with sufficient bond strength to permit various 
practical applications of the coated materials. Gen- 
erally, the practical success of these materials was 
made possible by the thinness and weakness of the 
coatings. Even a relatively poor bond can be stronger 
than a thin coating with low strength. Any attempt 
to peel off this type of layer will result in fracturing 
The case may well be compared with that of a wet 
tissue paper clinging to a flat surface. The weak 
paper will usually tear rather than allow peeling in 
undamaged form 

It was necessary from the start to disregard the 
not infrequent misconception that two metallic sur- 
faces that adhere at low temperature as a result of 
great pressure and some accompanying deformation 
are not really bonded in a metallurgical sense, but 
are held together merely by what has been termed 
a mechanical bond. All initial work on the bonding 
problem was thus guided by the conviction that a 
thoroughly intimate contact between points of mat- 
ing surfaces is a real bond, and that means ought 
to be found for growing the minute and weak, but 
exceedingly numerous, bonds into a substantially 
continuous bond 

To summarize, a method had to be found that 
would produce numerous discrete bonds, strong 


Se 


enough when integrated to prevent the two layers 
from separating. The preliminary bonds did not have 
to be so good that the composite product was ready 
for any kind of abuse, but had to be good enough 
to permit coiling or storing the material and to 
allow the processing necessary to complete the bond 
This processing consists of putting the composite 
in order to cause lateral 
The solution of the prob- 
the mating 


through a sintering cycle 
growth of the bond areas 
lem lay in two important requirement 
surfaces had to be clean to an extent not previously 
envisaged (step 1) and the mechanical deformation 
large enough to cause substantial areas of the mating 
surfaces to approach within atomic distances (step 
2). Growth of the cold bonded interface into a sub- 
stantially continuous bond by sintering (step 3) be- 
comes very simple once steps 1 and 2 have been 
properly performed 

The two main requirements could not be met in 
a commercially feasible way by existing methods 
After the standard of cleanness fo! 
had been defined and 


and equipment 
the new cold cladding proces 
the required thickness reduction* determined, a num- 


* Or increase of interfacial area 


ber of cleaning and pressing devices were designed 
and built. Of the work so far accomplished on cold 
forging operations, cold extrusion, and wire and 
tube reducing, some attempts have been very prom- 
ising. The major effort, however, has been with 
rolling mills of unusual design. These mills permit 
much greater vertical pressures 
tion to the work rolls than are used in conventional 
mills of similar size 

A general look at the new strip cladding line 
would reveal conventional cleaning equipment, in- 
cluding degreasing and pickling at the beginning; it 
may include bright annealing furnaces if reducible 
oxides are to be removed. The surface cleaning 
machines shown in Fig. 1 are substantially high- 
powered abrading devices. A power input of several 
horsepower per inch of abraded strip width is not 
uncommon. An effort is made to heat the surfaces 
by the abrasion but to avoid the embedding of grit 
Devices to remove loose dust from the 
urface also shield off the ambient atmo 
phere. A few seconds after the mating 
two or more individual strips have been cleaned by 
abrading, as described, the strips enter between the 


and torque applica- 


particle 
cleaned 
urface of 


Fig. 2—Within a few seconds 
after cleaning, the pieces to be 
clad enter the rolls of this 
special cladding mill. Delay 
must be avoided to prevent sur 
face contamination 


Spec lal 


properly set and !ubricated work rolls of a 


Fig. 2. Delay between cleaning 


must be held to a minimum 


urface contamination 


cladding mill, see 
and rolling operation 
to prevent formation of new 

In the cladding mill the guided strips are reduced 
than half 


even to a 


in one rolling pass to considerably ke 
their original thicknes in some cast 
little as a third. Fig. 3 shows a typical reduction of 
67 pet in a copper on aluminum 
to permit photograph 


pecimen cut ofl 


and removed from the roll 
ing the bite. In thi 
formed sufficient to prevent alligatoring Issuing 
from the mill the trip assembly | wound under 
controlled tension into a tight coil 

The coil is then conveyed to bell furnace 
it undergoes a heat treatment. Fig. 4 shows the base 
of a bell furnace Duration and 


enormous reduction a bond 1 


where 


loaded with coil 
treatment vary with the type 
with the weight and size 


temperature of thi 
of material and, of course 
of the coil coil weights of the order of 1 ton re 
heating and cooling. The 
bonded, is then 
ary, and 


quire many hours for 
intered coiled strip, now fully 
unwound, side-trimmed, cleaned if nec 
rolled to size. It may be used as cold rolled mate 
rial or it may be annealed; in short, it can be treated 
like any other clad metal strip It is interesting to 
note that it 1 difficult to determine 
metallographically whether the composite wa 
by sintering of cold bonded material or by a con 


extremely 
mad 


ventional hot bonding method 

To summarize, it may be said that all now known 
ductile metals and alloys can be bonded by the new 
method in almost any ratio of thicknesse with any 
desired number of and that the dimen- 
sional limitations are governed by size and powe1 
of the reducing mean No narrow meaning should 
be attached to the word ductile, as it was found that 
metal layers of low ductility often survive the clad 


laye! 


ding step intact. The same layers might crack if 
ubjected to cumulative reductions resulting in the 
ame total achieved in the ingle cladding step 
Perhaps part of the beneficial « flect of a single heavy 
reduction is due to the immense (hydrostatic) pre 
ure exerted on a region of the metal in the 60 to 70 
pet roll-bite 
In the third 
the small discrete bonds resulting 
© that they 
bond over all the 


tep of the proce the sintering step, 
from step 2 are 
ubstantially 


The inte 


caused to RrOoW can form a 


continuou interface 


MARCH 1956, JOURNAL OF METALS—329 


4 
Fd 
a 


Fig. 3A copper on aluminum specimen reduced 67 pct in 
one pass is shown as cut and removed from the cladding mill 
rolls 


face zippers up, to use another example of cladding 
lang. While in some case performed 
tallization temperatures of both 


intering |! 
above the recry 
component in many instance it is practical and 
often desirable to intering temperature 


based on the metal having the lower recrystalliza- 


elect a 
tion temperature. In a sintered composite of the 


described type, the metal having the higher recrys- 


tallization temperature can often be retained in a 


work hardened condition 

The sintering operation introduces a few addi- 
tional limitation Some of these are the same as 
can be found in any other cladding technique that 
limitation in composites having 
coatings of low-melting metals or alloys is that the 
been work-hardened 
annealed without 


applies heat. One 


harder component, which ha 
in the cladding step, cannot be 
melting the coating—unless very specialized heating 
ystems can be employed 

Apart from these disadvantages, the new process 
is amazingly free from difficulties that are common- 
place in the prior art of metal cladding. There are 
ociated with diffusivity, 
olubility, or extreme chemical activity of 
The problem of 
like calcium, 
zirconium, and tantalum, to name a few unpopular 

imple in a method that prepares and 
mating surfaces in rapid succession at 
Also, problems caused by dif- 
fusivity, by hot shortness, or by heat-caused un- 
desirable effects in hot cladding (single-step) tech- 
niques simply do not exist in the cold cladding step 

The Metallic Bond in the P. T. Process: Before 
practical examples of the new cladding method are 
“wiven, it may be helpful to look closely at the kinetic: 
surtace 


certainly no difficulties a 
mutual 
one or more of the component 
keeping clean the surfaces of metal 
examples, | 
bonds the 

room temperature 


of the metallic bond between mating 
Metallic bonds exist between the atoms of a metal 
and can also exist between the atoms of different 
metal This means that the metallic bond giving a 
piece of solid metal it trength and ductility and 
the bond holding the layers of a clad metal together 
are of the same nature. A. J. Shaler describes the 
follow “There i 
howing that cold metallic 


con ider able 
when 


bonding forces a 
evidence urfaces, 
brought to within a few interatomic distances of one 
another, are attracted to each other by forces of the 
order of many thousand pounds per square inch. A 
calculation hows that this force changes but 
lightly when the temperature of the surfaces ap- 
proaches the melting point ‘ 

These forces are due to an electrostatic force field 
urrounding each atom. The inter-atomic attraction 


hows @ maximum at a certain specific spacing of 
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the atoms, because at very close distances there Is a 
counteracting repulsive force.” Thus an equilibrium 
between the two opposed forces is formed, and by 
retaining their equilibrium-based spacing the atoms 
resist form changes of the body of which they are a 
part. Should metallic atoms be forced together 
more closely than corresponds to the equilibrium 
condition, then the repulsive force will overbalance 
and will rapidly become very large. This will op- 
pose a further approach and will set up great local- 
ized stresse most of which are transient, causing 
deformation of the stressed regions.’ 

In view of these conditions, the prerequisite for 
creating a metallic bond between two bodies of the 
same or different metals is simply to find a way of 
getting the surface atoms close enough together 
For this purpose an elevated temperature is not in- 
dispensable. It is indeed possible to create bonds by 
intimate contact alone, as any frozen bearing will 
illustrate. However, as will be seen, the task of 
getting atoms close enough together is not always 
imple 

At low temperatures it is sometimes difficult to get 
atoms of contacting metal surfaces close enough to- 
gether to permit interatomic attraction to form me- 
tallic bonds in the interface. The main difficulty is 
the thickness and toughness of films, which under 
normal conditions adhere to the surface of any solid, 
but a second important difficulty must also be men- 
tioned: the lack of conformation between the con- 
tacting surfaces. Clearly, on an atomic scale all 
urfaces are rough. Thus, even ideally clean and 
mooth surfaces will contact each other at relatively 
few points, considering the total interfacial area 
Only after external pressure has caused a sufficient 
amount of plastic deformation can there be a sub- 
stantial increase in the number and size of the con- 
tact areas in which close spacing will permit atomic 
bonds 

The plastic deformation required to cause the 
rough mating surfaces to conform is the immediate 
cause of the second main difficulty—the presence of 
elastic stress after the external pressure has ceased 
Obviously, this difficulty does not arise, or arises to 
a lesser degree, if the deformation is made at a 
high temperature. However, this discussion deals 
chiefly with room temperature, or in general, with 
a temperature below the recrystallization tempera- 
ture of either component. It can readily be seen 
that elastic stresses will try, under the circum- 
Whether the 


on which is 


, to open the bonded interface 
stresses will succeed depends, of course, 
tronger, the stress or the sum of discrete bonds 


tance 


formed under pressure 

In view of what has been said about surface films, 
cleanness is most important. It is, however, advis- 
able to emphasize that the interfacial area increase 
directly associated with the amount of rolling o1 
pressing reduction counteracts the uncleanness. It 
is the diluting factor, so to speak, of the residual 
barrier films that escaped destruction. For instance, 
a 50 pet reduction in thickness will double the in- 
terfacial area, a 66 pet reduction will triple it, etc., 
causing the film concentration to become one half or 
one third what it was before the reduction. Clean- 
ing to as near perfection as physically possible, en- 
larging the interfacial area by thickness reduction, 
and conforming the mating surfaces by rolling, up- 
setting, or similar means are thus the main con- 
trolling factors in establishing the initial bond prior 
to sintering 


La 


There is a great variety of fluid and solid sub- 
tances that are bonded in the form of a thin co 
herent film to the underlying solid surface and to 
each othei Cleaning of the metal surfaces must 
therefore go far beyond the obvious removal of gross 
contaminants such as oil, grease, visible scale, oxide, 
or other chemical compounds 

To free the precleaned metal from the residual o1 
barrier film, short of removing the surface, heat is a 
practical means. The heat can be applied directly, 
as by heating in a furnace or over a flame, or the 
heat may be caused mechanically as by abrasion, 
which of course will also remove surface layers 
With metals that do not form oxides in air or that 
can be readily bright annealed in atmosphere, the 
first method is feasible. The second method, abrasion, 
is more universal and applicable even to getter- 
metals, because of its inherent ability to heat an 
extremely small segment of the metal, ie. a thin 
surface layer only, rather than its bulk. The tran- 
sient heat whose maximum temperature is the 
melting point of the abraded surface or that of the 
abrasive, whichever is the lower, can be dissipated 
so fast into the cool bulk that substantially no re- 
oxidation will occur 

Since high surface temperatures occur both in 
abrasion and in bright annealing, any films escaping 
removal are substantially dehydrated; and thus do 
not form gaseous products on reheating. If at the 
start of sintering, no gases develop from the barrie! 
film residues, the bond nuclei will be preserved and 
will be able to grow 

Abrasion as a final cleaning step has the addi- 
tional advantage of creating a mechanically acti- 
vated surface, a condition that seems to assist the 
bond-forming atomic motion 

These are some of the reasons why the weak bond 
obtained in the rolls is yet strong enough to permit 
handling the composite through subsequent mill 
operations. To simplify the discussion, the bond ob- 
tained in the reduction step will henceforth be called 
a green bond, a term suitably borrowed from powdert 
metallurgy 

Secause dehydrated oxide films are brittle, it can 
be assumed that the large area increase in the inter- 
face tears the film apart. This may be true in many 
instances, and it can easily be verified in the case of 
aluminum. However, there are indications that in 
some cases diffusion can produce somewhat similar 


Fig. 4—Shown here is the base of a bell furnace loaded with 
coils to be heat treated 


Fig. 5—This diagram is a grossly exaggerated version of an 
interface before (above), and after the sintering step (lower 
sketch) 


effects. There is the possibility of diffusion of metal 
through the film. In the majority of cases, however, 
the film itself tends to diffuse into the metal. The 
film dispersal by diffusion has been very clearly 
demonstrated by A. B. Kinzel for elevated solid 
phase bonding temperatures. In the general case, a 
presumably small portion of the film dispersal by 
diffusion takes place at much lower temperatures 
than are normally thought of, a conjecture deemed 
necessary to explain the relatively great strength of 
certain green bonds as result of cladding steps 1 and 
2. This conjecture is based on several assumption 

First, there are the effects of the transient pres- 
ures that accompany rolling reduction With re 
ductions of the order of 60 to 70 pet these pressure 
can become enormous in a zone of the cusp-shaped 
roll bite. They may be thought of as high hydrostatic 
pressures, a condition that may well be beneficial to 
the ductility of the metal and to the solubility of film 
constituent The increase in solubility is not a 
proven fact but fits in well with observations on cet 
tain green bonds. The shear strains in and near the 
interface may be large enough to supply the energy 
to destroy some chemical bonds, thus conditioning 
ome of the film constituents for diffusion into the 
metal. In general, it is not clear whether condi 
tions in the interface satisfy the classical concept of 
ga olid equilibria 

Secondly, there is a possibility that under the 
ame extreme conditions lattice defects are caused 
in and near the interface which can spontaneously 
peed up the migration of metal into the incipient 
bonds. It is not too far-fetched to include in thi 
picture phase changes and even recrystallization a 
transient phenomena, either of which can very well 
produce sudden changes in the order of magnitude 
of diffusion, as also expounded by Kuinzel In a 
tudy of a specific solid-phase metal cladding prob 
lem (Al to Ni), phase changes due to pressure were 
observed by Storchheim et al 

A third factor is the effect of minute unbonded 
areas on the stre distribution in the intensely cold 
worked metal interface. These areas are quasi-two- 
dimensional voids that are thermodynamically un 
table (to a greater extent than are the pores of a 
powder metallurgical compact) 

A grossly exaggerted version of an interface be 
fore and after the sintering step | hown in Fig. 5 
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interconnected 
of escape for gase 
clad metal, there is sub tantially no 


interconnection 


vapo! formed by contaminations, unless they diffuse 
away as they are formed, will consequently blast the 
bonded layers apart. Two groups of experiments 
confirmed this. In one group, green bonds were ob- 
tained by a severe rolling reduction In the pres- 
ence of traces of gassy materials. Specimens of this 
type generally split apart in intering or get badly 
blistered. The other group of experiments cons! ted 
of attempts to infiltrate liquids and gases into the 
green bond zone at atmospheric pressure during ex- 
tended period These attempts were unsuccessful 

A final remark on the interesting differences be- 
tween step 3 of the new cladding method and pow- 
der metal sintering again focuses attention on the 
abundance and intensity of surface energy in the 
green bond. The razor edges of the voids or cavities 
of the green clad metal bond seem to retain a good 
deal of sharpness even during initial stages of sin- 
tering. In contrast to this, due to the hape of pow- 
det particles, the edges (contact angles) in powder 
compacts are blunted in the very pressing step 
Spheroidization 1s thus increa ingly deprived of its 
main driving force, the surface energy of the pores 
Observed sintering results bear out this argument 
clad metal specimens sinter at con iderably lowe! 
temperature and in shorter time than their coun- 
terparts made from powde! of identical metals 

The visible effects of recrystallization, 1L©., the 
form change of some of the majo! interfacial voids, 
and the elimination of the interface in general, can 
be readily ob erved in the microscope Figs. 6 and 7 
illustrate at X200 the change from a green bond to 
a fully sintered bond in a specimen of 70/30 brass 
bonded to itself with a rolling reduction of 63 pet 
In the a -bonded condition, Fig. 6, a few voids can 
be seen in the horizontal interface 

After sintering the specimen for one half hour at 
1300°F, the cross- ection, Fig. 7 reveals not only the 
general progress of recrystallization, but also the 
partial elimination of the interface Elimination of 
the interface can be driven mut h further by longe! 
anneals and higher temperatures, but as a rule, 
there is no need to do thi Tests are still unde! 
way to show the spheroidization of residual voids 


The changes caused by sintering can be dramati- 


7 


~ N = 


wn in change from green bond to fully sintered bond in specimen of 70/30 


Effects of recrystallization oF 
he green bond, he 
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rhace, while Fig 7, after sintering for 30 min at 1300°F ind: 
Approximately 200X 


between tv oss-section. The 
voids are filled with an oxide (black) and with a 
tter being considered as In oluble 
The ove 
However, comparison of a large nu fT of speci- 
mens and control ample clearly show that inter- 
ing cause a sudden inereast of the mall green 
} enresented in the drawing This in- 
to ultimate elimination 
tep is a green bonded 
clad metal, for instance © bimetallic str which 1 
; now ready for the third step P| 
intering operation that will transform the greet 
bond into a ub tantiall t trong bond 
Most of the acute — | 
intertiae heet 
and 
col 
fu 
| 
pret 
compact 
tween clad 
2 compact i 
of powdet 
and are th 
heating. A 
interiace 
4 
> 
ch 


cally demonstrated in destructive tests, not only by 
the increase in bond strength, but also by changes in 
the interface 

The rolling reduction takes place at room tem- 
perature plus the residual temperature 
from the cleaning operation, which generally does 
not exceed 100°F and may be disregarded. How- 
ever, the temperature increase caused by the 
rolling deformation can be several hundred 
degrees and cause the green bonded strip to 
issue fairly hot from the mill, but usually still 
below the recrystallization temperature of either 
constituent. Only rarely can extraordinarily strong 
green bonds be encountered under conditions sug- 
gesting incipient sintering by the heat of deformation 


increase 


There are cases where it is not desirable to roll 
the strip assembly at normal temperature. For in- 
stance, metals like molybdenum or magnesium do 
not have enough ductility when cold. For step 2 
these metals may be heated to a temperature at 
which their ductility is improved so that they will 
not fracture when worked about 60 pct reduction in 
one pass. However, as long as the strip tempera- 
tures do not reach the recrystallization range of any 
of the layers, there is substantially no change in the 
previously described requirements other than the 
necessity to protect the mating surface from oxida- 
tion during preheating, cleaning, and entering the 
mill. The bond resulting from step 2 is again a green 
bond (despite the slightly elevated starting tem- 
perature) and the strip must be sintered to attain 
full bond strength 

Temperatures below room temperature also have 
been investigated, because metals like Pb, Sn, and 
In and some of their alloys are actually in their hot 
working range at room temperature. Chilling them 
to low temperatures permits cold working with all 
the previously described advantages. The experi- 
ment revealed that the soft metals act 
harder metals when chilled to various temperature 
below zero but preferably to the upper end of thei 
cold working range.” 


similar to 


In an experiment with mercury and austenitic 
stainless steel, cladding step 2 was performed at the 
temperature of liquid nitrogen. After the reduction 
step and after removal of the reliquified Hg, a well 
wetted area was found. A cross-section at this region 
revealed a zonal structure, as shown in Fig. 8. Micro- 
hardness tests showed a DP hardness of 212 to 285 
in the Hg-bearing zones vs 190 to 195 throughout 
the steel.” Tests of this type deserve further study 
the one example given here was chosen as a dramatic 
illustration of the potentialities 


Commercial Development 


The number of clad metal types produced on a 


fairly large commercial scale is constantly growing 
Each of the following products is now produced in 
per week or more. There i 
products will 


a near-full 


quantities of several ton 
strong indication that some of these 
multiply in volume; the present stage is 
scale pilot plant capable of making several hundred 
tons per month 

1) Nifer, special purity nickel clad on both sides 
of low carbon steel, finished as 0.005 to 0.010 in 
thick strip 

2) Aliron, Al alloy clad on both sides of low car- 
bon steel, finished 0.005 to 0.010 in. thick, fully an- 
nealed strip 

3) Alcuplate, single and double clad copper on 2S 


ELECTROPLATE 


Fig. 8—Cross section of steel clad with mercury at tempera 
ture of liquid nitrogen reveals zonal texture 


aluminum in various thickness ratios, In some cases 
the 2S is replaced by other aluminum alloys 

4) Conflex, copper clad on both sides of various 
types of hardenable carbon steel, Conflex is in gen- 
eral finished in fully annealed condition at thick- 
nesses between 0.008 and 0.040 in.; hardened, it 
combines springiness with high conductivity 

5) Silver on various brasses and bronzes, various 
thickne ratios and tempers in thicknesses from 
0.0075 to 0.0625 in 

6) Silver on monel, various thickne: 
and without intermediate copper layer, finished at 
0.020 to 0.040 in. thickne 

7) Stainless Steel 300 and 400 series on copper, 
finished at 0.010 to 


ratios, with 


ingle and double clad strip 
0.0625 in. thickness 

8) Truflex A-1, Truflex F-20R, Truflex J-1, Tru- 
flex P-675R and Truflex B-1, five different thermo 
tatic bimetal each of which contains an Invar 
layer: the other layer is roughly of the same thick- 
ne Taking the materials in the above order, the 
other layer consists of bra a high conductivity Cu 
alloy. a silicon bronze, a Mn-Cu-Ni alloy and a high 
nickel, low chromium steel respectively, The ther- 
mostatic bimetals are finished in general at between 
0.006 and 0.025 in. thickne their temper as fin- 
ished is of the order of 40 to 50 pet cold worked 

As the list shows, the new capable of 
producing a large variety of industrial composite 
in the cited ex- 


proce 
metals. By displacing older method 
has already proved capable 
avings concurrent with quality 
pointed out earlier, the num- 
limited mainly by 
and by 


amples, the new proce 
of significant price 
improvements. As wa 
ber of clad metal combinations 1 
(not very stringent) ductility requirement 
availability of the metals in the proper condition 
and dimensions. The transition to very large volume 
production may thus be anticipated for the not too 
distant future because of the quality and price ad- 
vantages that have become possible and also because 
of the new materials that can be made. Thus, the 
growth of 
opening of new markets as enginee! 


of the potentialitie of the new proce 


till unknown volume will be based on the 
become aware 
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The Carborundum Metals Co.: 


Zr and Hf Production Tailored to Yield 


Three Products 


W. W. Stephens 
and 


C. Q. Morrison 


EQUIREMENTS of the Atomic Energy Commis- 
ion for high purity ductile zirconium metal 
have led to construction of a completely integrated 
commercial production plant capable of turning out 
more than 150,000 lb per year of this metal which 
was a laboratory curiosity only a few years ago 
The plant was constructed by the Carborundum 
Metals Co., a subsidiary of the Carborundum Co., at 
Akron, N. Y. The plant site comprises 18 acres and 
is located 25 miles east of Buffalo on the West Shore 
branch of the New York Central RR. Production 
operations are housed in two buildings while a third 
building is occupied by quality control laboratories, 
Construction of a 
10,000 sq ft warehouse building wa tarted late in 
1954. All buildings are of steel frame construction 
with conerete block curtain wall 
used for metal production is the mag- 


research laboratori and office 


The proce 
nesium reduction of anhydrous zirconium tetra- 
chloride as developed by W. J. Kroll and co-workers 
at the U.S. Bureau of Mines, Albany, Ore 

Two grades of zirconium sponge metal are pro- 
duced at the Carborundum Metals plant 
a commercial grade containing 2 to 2.5 pct hafnium 
and a low hafnium reactor grade product containing 
less than 0.01 pet hafnium 


These are 


W. W. STEPHENS ond C. Q. MORRISON are associated with the 
Carborundum Metals Co, Akron, N.Y 
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Commercial Zirconium Sponge 
Low-Hf Reactor Grade Zirconium Sponge 


Hafnium Sponge 


All zirconium ores contain hafnium, usually to the 
extent of 2 to 3 pet of the zirconium content. The 
two metals have similar chemical properties which 
makes their separation from each other a difficult 
and expensive operation. Fortunately, the corrosion 
resistance and mechanical properties of zirconium 
are not seriously affected by small percentages of 
hafnium, so that for most commercial applications a 
separation is not necessary 

Zirconium is desirable as a material of construc- 
tion for atomic reactors, not only because of its cor- 
rosion resistance and mechanical properties, but 
also because it has a low cross-section for ab Oorp- 
tion of thermal neutrons. Since the thermal neutron 
absorption cross-section of hafnium is over 600 
times as great as that of zirconium, it Is necessary 
that the hafnium content of metal for reactor appli- 


cations be as low as possible 


Production of Commercial ZrCl, 

Production of both grades of metal starts from 
zircon sand (ZrO,-SiO,), which is mixed with coke 
breeze and treated in an open top are furnace. Most 
of the silicon is driven off as silicon monoxide and 
the zirconium ts semimetallic 
product which 
carbonitride. It contains about 85 pct zirconiun 
The carbide is chlorinated in unlined steel vessels 
which are water cooled. Reaction of the carbide 


recovered as a fused 
referred to as zirconium carbide or 


a! 
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with chlorine is exothermic and no provision 1s 
made for supplying heat to these chlorinators 

The zirconium tetrachloride which sublimes at 
331°C is recovered in water cooled condensers which 
The tetrachloride 
produced in this way is of high purity with respect 


are discharged into steel drums 


to all contaminating elements except hafnium, which 
is carried through both the carbide and chlorination 
in the tetrachloride in about the 
same proportion as in the zircon sand 


steps and appeal! 


Hafnium Separation 

30th of these preliminary steps are carried out 
in facilities away from the Akron plant site so that 
the feed material delivered to this plant is the com- 
mercially pure zirconium tetrachloride containing 
If commercial grade zir- 
ponge is to be made, this tetrachloride | 
without furthe 
treatment. For production of low hafnium zirconium 
the commercial grade tetrachloride is treat- 
eparate the hafnium 
from the zirconium. The end products of this sep- 

are the relatively pure oxides of the 
From this point on, both of these mate- 
through the same steps 
Only the zirconium 


about 2 to 2.5 pet hafnium 
conium 


charged into the reduction furnace 


ponge, 


ed by a chemical process to 


aration proce 
two metal 
rial pa for produc tion of 
the separate me tallic ponge 
operations will be described, but facilities are avail- 
able at the Akron plant for production of hafnium 


ponge at the rate of 3000 to 4000 lb per yea! 


Zirconium Oxide Chlorination 
Zirconium oxide is blended with carbon black, 
dextrine, and water in a ribbon mixer which di 
charges into a Belgian Roll type of briquetting ma- 
chine. After passing over a screen to remove fine 
the briquettes are dried in a gas-fired tray dryer 
The dried briquettes are fed to chlorinators for pro- 


duction of low hafnium zirconium tetrachloride 


Two chlorinato! 
ing about 50,000 |b of tetra hloride pe! 
These chlorinator 


are in use, each capable of produc- 
month 
are patterned after chlorinato! 


developed at the Bureau of Mines’ and are con- 
structed with a mild steel shell lined with 9 In 
ilica brick backed up with 442 In. ol lightweight 
silica insulating brick 

Inside dimensions of the chlorination chamber 
are 3 ft diam x 8 ft high. Three graphite elec 
trode slabs 2 in. thick, 10 in. wide x 4 ft high are 
embedded in the brick wall of the chlorinator at 
Tapped transformers supply three- 
to these 
cooled connector and the charge of briquettes Is 


120 spacing 
phase powe! electrodes through water- 
tance to passage of current 
used to 


electrical resistance of the cold 


heated by its own re 

In starting up a cold chlorinator 1lO vi 
break down the 
briquette Resistance of the bed decreases as the 
Steple 
tween 5 and 55 v, and the normal operating voltage 
with the chlorinator at temperature is about 10 v 
All voltage Maxi- 
mum current is 700 amp per phase, and normal op 
erating current is 300 to 500 amp. Bed temperatures 


temperature rises control is provided be- 


are measured phase to phase 


are measured with thermocouples in fused silica 
protection tubes extending through the silica brick 
fed in through four ports 
el at the rate of about 60 


lining. Gaseous chlorine 1 
at the bottom of the ve 
lb per hi 

The zirconium tetrachloride 1: 
powder in a 4 ft diam nickel lined, air-jacketed con 
denser. It is discharged through a butterfly valve 
in the bottom of the condenser directly into Inconel 
charge cans 3 ft ID x 4 ft high, which hold 1700 to 
2000 Ib of chloride. Temperature of the air circu- 
lated in the condenser jacket is closely controlled to 
vield a dense high purity product. Exhaust gases 
through a cyclone-type 


condensed as a 


from the condenser pas 


Open top arc furnace for making zirconium carbide from 


coke breeze and zircon sand 
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Installing brick lining in zirconium oxide chlorinator 


where about 5 pet of the chloride 
product is obtained as a fine dust which is usually 
higher in metallic impurities than the product re- 
covered in the primary condenser. Exhaust gases 
are vented to the atmos- 


after-condensetr 


from the after-condensers 
phere 
Reduction of ZrCl, 

Reduction of tetrachloride to sponge metal pro- 
ceeds exactly the same way in identical equipment 
whether the product is to be low hafnium zirconium 
for AEC application or commercial grade metal con- 
taining 2 to 2.5 pet hafnium. To make low hafnium 
metal, tetrachloride produced by chlorination of 
low hafnium zirconium oxide, as described above, is 
charged to the reduction furnace. For commercial 
grade sponge, the commercial grade tetrachloride, 
made by chlorination of the carbide, is used to 
charge the reduction furnace 

Reduction of the tetrachloride to sponge metal is 
carried out in closed retorts 40 in. ID x 8 ft-8 in 
high constructed of % in. thick, type 310 stainless 
teel. The retorts are contained in vertical electric 
furnaces which are provided with three separately 
controlled heating zone Four of these reduction 
furnaces are presently in operation. In charging the 
reduction furnace, the required amount of mag- 
nesium is placed in a crucible constructed of % in 
thick, type 430 stainless steel which rests on the bot- 
tom plug for the retort. A baffle rests on top of the 
reduction crucible and the charge of tetrachloride 
contained in the Inconel charge can is placed on top 
of the baffle. This entire assembly is pushed up into 
the retort with a hydraulic hoist and the flanged 
bottom plug is bolted to a flange on the bottom of 
the retort 

The retort is evacuated and backfilled with he- 
lium and a preliminary conditioning cycle is car- 
ried out to eliminate moisture and volatile contami- 
The temperature of the 
magnesium 


nants from the chloride 
lower zone is then raised to melt the 
When the magnesium is molten, the temperature of 
the zone around the chloride container is raised to 
with the magnesium 
automatically con- 


sublime chloride to react 
Pressure inside the retort is 
trolled at about 1 psig during the reduction opera- 


tion by regulating the flow of cooling air through a 
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inside 


condensing coil above the chloride container! 
the retort. After completion of the reaction, the re- 
tort is cooled to about 150°C by blowing air into the 
space between the heating elements and the retort 
The retort is then opened and the reduction crucible 
removed. 

At this stage, the reduction crucible contains not 
only the zirconium sponge but, also, the magnesium 
chloride resulting from the reduction and some un- 
reacted magnesium. The magnesium and magne- 
sium chloride are separated from the sponge by 
melting and vacuum distillation. This operation is 
carried out in one of four vertical retorts which are 
also bottom charged. The top sections of these re- 
torts are constructed of % in. thick, type 310 stain- 
less steel and Inconel! and are heated by removable 
bell type electric furnaces. The bottom portions of 
the retorts are of mild steel construction and are 
water jacketed to act as condenser sections 

The inside of the retort is connected to a vacuum 
pumping system which consists of a high capacity 
oil-jet booster-diffusion pump backed up by a me- 
chanical vacuum pump of 100 cfm capacity. The 
heating furnace has a vacuum tight shell and seats 
against the retort flange with an O ring seal. During 
operation the space between the retort shell and the 
furnace shell is kept evacuated to about 1 mm pres- 
sure with a small mechanical pump to minimize de- 
formation of the retort at the operating temperature 
of 960°C 

In loading the distillation equipment, the cruci- 
ble, containing the reduction mass, is inverted and 
placed on a support ring and radiation baffle which 
in turn rests on a mild steel salt catcher can. This 
assembly is placed on the bottom plate of the distil- 
lation retort, which is then raised and bolted to the 
bottom flange of the retort. After the retort is evac- 
uated and checked for leaks, the temperature of 
the bell-type furnace is raised to about 850°C. At 
this temperature, most of the magnesium chloride 
and magnesium melts out of the reduction crucible 
and runs into the salt catcher can 

After completion of this melting process the tem- 
perature of the furnace is raised to 960°C and the 
remainder of the magnesium chloride and magne- 
sium is distilled away from the zirconium sponge 
The batch is held under vacuum at this temperature 
for 16 hr to insure removal of chlorides to an ac- 
ceptable level. The retort is then backfilled with 
helium, the heating furnace is removed, and the re- 
tort is allowed to cool to room temperature. The 
retort is then opened and the crucible containing 
the sponge zirconium is removed for further proc- 
essing. An average of about 600 lb of sponge metal 
is produced in each batch. 


Sponge Handling 

The sponge metal is broken out of the reduction 
crucible with a chisel operated by a 150-ton hy- 
draulic press. The sponge is cut into lumps of about 
3 in. using this same hydraulic press and chisel, 
and the lumps are then fed to a gyratory crusher 
The discharge from the gyratory crusher passes over 
a double deck screen with % in. openings on the 
top deck and 20 mesh on the lower deck. The + % 
in. material is recycled to the crusher and the —20 
mesh material, which is usually high in oxygen and 
nitrogen, is rejected. The —*% in. +20 mesh fraction 
is the finished sponge product 

Each batch of sponge is handled and crushed sep- 
arately and a representative sample is split from the 


, - 
4 2 
| 


Charging retorts with a drum 
of zirconium tetrachloride and 
a pot of magnesium Tetra 
chloride is reduced to sponge 
metal in these furnaces 


laterial. From this sample a briquette | 
rom which drill turnings are taken. Spectro- 
analyses for 10 different metallic impurits 
chemical analysis for nitrogen and chlo 
in on the drilling A 200-2 test button 
an inert atmosphere are furnace and 
hardne On the basis of these indi 
ial , 3000 Ib blends are calculated 
id specification The ponge is then 
blended in accordance with these calcu 
id a 50 |b representative sample 1 plit 
blend. This sample is pressed into 142 1n 
which a! used consumable elec- 
roduce 4 in. diam ingots in an inert at 


ater cooled coppel crucible meltin 


vots are welded end to end and 
in a 6 in. diam fin 
checked for 

th and 


got are analyzed 


ti determine 
blend with specification The 
weciications is packed in 
pail 
lated and 
icKed in 
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Zirconium sponge metal being cut into pieces for crushing 
About 500 Ib of reactor grade zirconium valued at some 
$7000 is shown on the press table 
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Financing Tomorrow's Steel Plant Demands 


Realistic Depreciation and Pricing Policy 


Ever increasing steel requirements force 


Steel to reappraise industry’s economics 


3ased on a talk by 
E. J. Hanley 


President, Allegheny Ludlum Steel Corp 


STEEL’S DYNAMIC GROWTH 


Steelmaking capacity in millions of net tons* 


Keeps On 
Growing 


15 million tons of 
new capacity 
planned in next 
three years 


“as of January | 
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As a part of the industry's expansion, Bethlehem Steel Co. will spend $300 million during the next two years 


A major segment 


of the plan will be to extend the capacity of the Sparrows Point, Md. plant by 2 million ingot tons to an annual capacity of 82 


million tons, making it the world’s largest steel plant 
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or po ib] eve more mpid The total productio More Cupie ound hike an ea abstract “eal 
of electrica teel ! America ha rown phenom problem, the kind that can be discussed endl 1 a as 
nall n the past fifteer eu It is close SSC among economist and gov 
ciated with the continued owth of the elect ernment statisticiar But erjou 
ndust! and the ncreased Ise f elect rit Wi are fortunate to have who cat design 
in the average home build, and operate this equipmiiml. But there ore ne 
The population of the United tuts expand ‘ jue hat mu be faced a his billion 
it the ite enme two and half n lolla hoppin pres commenced. How will the 
year. For eve widitional cit en more cupuacit to pa the bill be raised” 
But there is another factor equa mportant i a —_~ a period of remarkable growth, the es 
demanding the expansion of the ste ndust Phe — 1955 have been a period of inflation ‘e 
‘ vil } } f + 
blatowe our mode of has been one Haire considering expanding capacity to nev bn 
creasil lependence tee Mat me or evel f t concern must be en the problem of 
urrounded t hore t work and at pla with keepit existiy plant ip te liste Equipment 
tee ' 1 There eX ndication that tlh ntinuou worn out through hard usage and some aes 
highs of being er ed } ings il becomes obsolete. Th ecognized and charge 


for depreciation are included in cost but for corpo- 


ration with stocks for sale in public exchange 

and with tax lhabilits to government existing 
rules about depreciation must be followed. These 
jles base depreciation charges on the original cost 


rather than what it will cost to build a new mill or 
furnace 

Imagine what would happen if cars lasted twenty 
vears instead of the few years that they do. Suppose 
for a moment that you were a salesman and bought 
yoing to last until 
1955. You might have paid a little as $600 for it 
you enough to pay fo! operat- 


an automobile in 1935 that wa 


Your employer allow 
ing expense for the car and enough more to pay 
for a new car in twenty years That would be $30 
each year in depreciation, 1/20 of the original cost 
All right, as an exceptionally prudent salesman, for 
the past 20 years you have been holding on to that 
depreciation money. Now go to the car dealer with 
the $600 and try to buy a new 
u u“ alesman The price of cat 
ridiculous proposition 


edan so that you can 


tay in busine 
today make this a pretty 
tut that is just the kind of thing that we are forced 
to do with depreciation charges in industry What it 
being worn out 


means is that existing plants are 


without making proper provision finan¢ ially for re 
placing them 


Did you say we were understating cost You're 


right. Should we charge additional depreciation Oo! 
amortization and so state our cost correctly? Thi 
is a sound suggestion, and we would show less profit, 


which is really true. However, the tax collector say 
no. He says present costs are right. Additional 
aren't really cost rather they are profit 
and’ he proceeds to take 52 pet of them 
The five-year amortization plan ha 
mendously. This has permitted the in lusion in cost 
of sizable amounts of amortization 1 the facilits 
were for defense purpose Under this plan dollar 
of cost have been recovered in a pt riod short enough 
o that the effect of inflation ha omewhat 
minimized. These dollars could then be reinvested 
But the five-year plan wa 
in any event, the arrangement is no longe! avail- 
able. A long-term solution must now be sought 


helped tre- 


been 


limited in its scope and 


New Capacity 
the cost of adding new capac ity 
to come, very high in 


Inflation al omake 
this year, and in the yea! 
deed. According to government e timates, the cost 
of all type country has gone 
up over 140 pet in the past fifteen yea! Steel 
range from $180 per ton 


of construction in thi 


plant construction cost 
the cost of the last big round of expansion In the 
<orean Wat period up to $300 per ton of annual 
ingot capacity which is the generally accepted figure 
for a new Each yea! 


the average cost gets nearer to the higher figure 


integrated works at a new site 


These high costs of new equipment bring on a 
et of problems that can't be solved with a slid 
rule. or even by automation Somehow, the indi 
vidual companies that constitute the steel industry 
are going to have to spe nd a lot of money to met t 


the future demands for tee! 


The Earning Capacity of the Industry 

that an ential to the 
would be highly regarded by 
On the contrary 


It seem industry so ¢ 
economy a teel 
people who have money to invest 
traditionally steel ha not been regarded highly by 
the financial community The reason is evident tee! 


has not, in the last 30 years at least, earned sati 
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factory profit At the moment steel earnings ar 
higher than they were, but they have been alto- 
gether too low The First National City Bank ol 
New York maintain tatistics from year to yea! 
comparing return on inv tment in various indus- 
trie In this series, in 30 year tee] has never 
been higher than 25th when compared with earn 
ings of about 40 to 50 industries. In 1954 it wa $2nd 
In higher ranking positions were such metal work- 
machinery, household appliance 
_ aircraft, electrical equipment and 


ing industries a 
autos and truck 
radio and television 

There are two distinct kinds of businesse First 
those which have a high rate of ales per dollar of 


investment uch as the chain stores and the meat 


packing industry where annual sales may be five 01 
ix times invested capital. Secondly, there are those 
that have a low rate of sales per dollar of inv tment 
In the steel industry, when complete integration In- 
investment from mines through mill the ratio 
to capital investment is about 1%:1 


volve 
of annual sale 
annual sales are rough- 
ly six times the investment. A profit of 2¢ on every 
dollar of sales will result in a return on investmé nt 
of 12 pet. On the other hand, in steel, with a ratio 
of sales to investment of, say, 14:1 
per dollar of sales 1 needed to bring an equal return 


In the retail food busine 


a proht of 


on investment 

The financial community recognize this in it 
pricing of steel stock Because steel earnings are 
not high enough, the stock market | valuing steel 
plant at about $100 per ton compared with the $180 


to $300 required to construct these plants today 


How to Finance Expansion? 


We could retain earning We could borrow. We 


could sell equity securitie 

The steel industry does not appear to be in a post- 
tion to retain sufficient earnings to do the job. Even 
if this were attempted, the industry would have to 
pace it became available 
This might be displeasing to stot kholders who, afte 
all. are entitled to something for the use of them 


expansion a earning 


money. If investors are upset, security values ar 


low and credit standings are generally impaired 


This could mean that lendet 
pressed by these poor earning 


would not be im- 
The job of financing 
expansion by borrowing might, therefore, be more 
difficult 

If the job is done with the sales of tock, we have 
to be in a position to convince our prospet tive stock- 
holder that he will receive a rea onable return on 
therefore, first to 


and profit correctly 


his investment. It is important 
find some way to state cost 

In addition, to finance new plants, it does not seem 
that we can escape the conclusion that we are going 
to have to charge more for our product Steel must 


have higher profit margins to attract the equity 
capital needed for expansion We will have to weigh 
carefully every increase in cost Absorbing cost In 
will mean discouraging present sto kholdet 
and killing the interest of new investot 


In its recent history, the teel industry has been 


living from one cri to the next. We have known 
depression, wal inflation, and more war. Our finan- 
cial affairs reflect this crisis thinking. Tomo ow’ 
furnace are going to have to be charged or 

hooks on a sound and realistic basis and paid for by 


attracted by profits derived from the ale 


investor 


of the product they make 


Debismuthizing of Lead 


The fundamental principles by which bismuth may be removed from lead by 
pyrometallurgical processes are enumerated. Qualitative discussion of the phase 


diagrams concerned is followed by presentation of quantitative diagrams 


Brief 


mention is made of the practical aspects. Data presented show how chemical lead 
(<0.005 pct Bi) may be produced by the Jollivet, Dittmer, and Kroll-Betterton 


processes. 


by T. R. A. Davey 


ISMUTH is an element whose properties are very 
imilar to those of lead, and its minerals are 
associated to a greater or lesser extent with nearly 
all the major lead ore deposits of the world. In con- 
sequence, the lead produced contains bismuth unless 
a special debismuthizing process is practiced 
There does not appear to be any published com- 
prehensive review of the effect of bismuth as an 
impurity on the properties of lead, and there is some 
uncertainty as to the beneficial or detrimental effects 
of small amounts of bismuth in lead used for par- 
ticular applications. Standard of most 
countries stipulate a maximum bismuth content of 
0.005 pet for chemical lead. With one exception, this 
met only by lead producers whose 


pecification 


pecification | 
ores are relatively bismuth-free, or whose refineric 
are electrolytic. In lead for certain applications a 
higher bismuth content is preferred by some fab- 
ricators 

In contrast to the refining for silver, copper, and 
antimony, the refining for bismuth does not usually 
result in a large overall economic gain from the sale 
of byproduct 
practiced only if market condition 
with a bismuth content lower than that produced 
oftening, desilverizing, 


Thus, debismuthizing is customarily 
demand a lead 


by classical refining; i.e 
and zinc refining. Until this century, debismuthizing 
was carried out only as an incidental result of de- 
silverizing, as later described 
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TRANSACTIONS AIME 


This century has seen the development of the 


setts electrolytic proce the only successful one 


of many electrolytic processes proposed and patented 
and a number of precipitation processes based on 
the pioneering work of Kroll,’ although only one of 
these, the Kroll-Betterton proce is In wide com 
mercial use today. It | 


proposed in this paper to 


deal only with the pyrometallurgical processes, ex 


cluding those based on aqueous electrolysis 


Historical Background 


(and incidentally bismuth) 
To recover silver 


Prior to 1833 silver 
could not be removed from lead 
from rich bullion, the only course available to lead 
refineries wa bullion, forming a slag 
of litharge. The first slag tappings o1 
reduction, yielded soft lead of very low 


to cupel the 
kimmings, on 
ilver and 
bismuth content Intermediate skimmings yielded 
a lead of somewhat higher ilver and bismuth con 
tents, which could if desired be recupelled. The last 
kimmings yielded a litharge very high in bismuth 
vhich could by successive oxidation and reduction 
cycle be separated into high purity bismuth and 
lead return 

This oxidation reduction process, with modern 
operating techniques, can still be used today to pro 
duce a portion of a lead refinery output of very 
low bismuth content, as discussed late! 

In 1833 Pattinson" discovered that lead bullion 
could be purified of silver and bismuth by fractional 
lead crystals formed by 


than the melt 


crystallization, the primary 
partial freezing beir tepeated 
proce ing In pan produced a lead containing a 


little as 0.02 pet Bi The simple explanation of thi 
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| ? Metals duriy | 
‘ ‘ ppe 4iME T V sme 206 
‘ ent ere to that 


of binary phase diagrams 1s 


phenomenon by means 


.« well known as not to require discussion here 


When the Pattinson process wa 
proce for desilver- 


replaced, on eco- 
nomic grounds, by the Parks 
izing, the classical lead refineries were without any 
means of debismuthizing, and when Bett ' de- 
proce at the 


veloped a atistactory 


century, a number of refinerie 


electrolyti 
beginning of thi 
were forced to chang from pyrometallurgi al to 
electrolytic refining in order to me et standard speci- 
fications for bismuth in lead 

An opening remaine d for a debismuthizing opera- 
tion which could be fitted simply into 4 normal 
Parkes refinery as an additional stage, and would 
not require the replacement of the entire refinery 
by another ol a different type In 1922 Kroll’ set 
out to find such a debismuthizing process 

A ilver, although noble to lead, can be precipi- 
tated from it by zinc, 80 Kroll reasoned that there 
might be other element which would prefere ntially 
combine with bismuth rather than lead, and so pre- 
cipitate the bismuth from He found that 
quite a number of alkali and alkaline earth metal 


do combine with bismuth, forming high melting 


olution 


point compounds which float out of the lead 

However, Kroll wa unable to perfect a satisfac- 
tory proce for removing bismuth to low concen- 
trations and, in fact, the lowest bismuth concentra- 
tion he obtained was about 0.03 pet in lead saturated 
with calcium at its freezing point 

In 1934, Betterton and Lebedeff® in the United 
States found that, using imultaneous additions of 
calcium and magnesium, bismuth could be reduced 
to 0.02 pet and that by subsequent treatment with 
antimony, 0.005 pet Bi could be commer ially 
obtained 

No published account exists of the commercial 
other similar processes 


imultaneous additions 


use of any of the numerou 
patented, which include 
of magnesium and an alkali metal (lithium, sodium, 
or potassium); use of @ sin le alkali metal together 
with its hydroxide; and additions of calcium, Zinc, 
and antimony 

sof the Kroll-Betterton and 
have now been made 


The fundamental base 
allied precipitation process 
clear by several foreign publications, and data 
have been drawn from these and used together with 
hitherto unpublished work in the sections following 

It is unfortunately not pos ible at present to make 
thermodynamic calculations on the complex phase 
ed here. The Pb-Bi system has been 
fully studied,” but data are lacking on the systems 
Pb-A (where A represent alkali or alkaline earth 
metal) and on the various bismuthide compounds 
The analysis by Grothe” of the Pb Bi-Ca-Mg sys- 
based on very incomplete data and numer- 


ystems discu 


tem wa 
ous assumption It therefore has only a limited 
value, as Grothe himself realized 


Survey of Possible Separations 


Apart from aqueous electrolysis and fractional 
crystallization techniques (fo1 which the new zone 
melting procedure” open up new po sibilities), 
there are in principle two ways In which lead and 
bismuth may be A compound may be 
formed containing lead but not bismuth, or a com- 
pound may be formed containing bismuth but not 
lead The compound may be solid, liquid, or gaseous, 
but the compound and the unreacted metal should 
be mutually insoluble, or substantially so 


separated 
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If the compound is formed by reacting the Pb-Bi 
olution with nonmetals—e.g., O,, S, F;, and Cl 
then the lead compound forms preferentially. At 
higher temperatures, a slag containing relatively 
little bismuth is formed. At lower temperatures, 4 
olid dross is produced, whose removal is attended 
by entrainment of a portion of the metal phase. In 
either case, lead can be removed to any desired 
extent from a bath of metallic bismuth or Bi-Pb 
Reduction of the 
lead containing less than the original concentration 
of bismuth. Complete separation of the two metals 
could be obtained by a multistage process, In which 
intermediate products were recycled The case of 
oxidation reduction is discussed fully late! 

If the compound is formed by reacting the Pb-Bi 
mixture with an alkali or alkaline earth metal, then 
the bismuth compound forms preferentially. Be- 
cause of the difficulty of preventing atmospheric 
oxidation at high temperatures, it 1s preferable to 
work at low temperatures, neal the freezing point 
of lead, when the compound 1s 4 olid and con- 
titutes a dross 


alloy slag or dross produces a 


This dross or crust may subse- 
quently be liquated to separate most of the entangled 
lead. The degree to which bismuth may be removed 
in this way is limited by the solubility product of 
the compound in lead. This, of course, 
the temperature is lowered, so that lead is cooled 
possible to its freezing point as the last 
tage of the debismuthizing operation, exat tly as for 
Parkes’ desilverizing. The concentration of bismuth 
remaining in the treated lead varies with the resid- 
ual reagent concentration 

In recent years it has been shown that definite 
double bismuthide compounds are for med when cer- 
tain reagent (alkali or alkaline earth) metals are 
present simultaneously in solution in lead contain- 
ing bismuth. Two of these quaternary 8) tems are 
discussed later Pb-Bi-Mg-Ca, the basis of the 
Kroll-Betterton process; and Pb- 3i-Mg-K, the basis 
of the Jollivet process. The author believes that a 
double bismuthide is probably formed in the system 
Pb-Bi-Mg-Na, but has insufficient data for presen- 
tation here 

It is perhaps worthy of mention that double 
plumbides of Mg and Na Mg.Na,Pb, and MgNaPb 
have been discovered Mg,.Na,Pb, 2Mg.Pb- Na,Pb, 
and 2MgNaPb Mg.Pb- Na,Pb 

In the systems where a bismuthide is formed, it 
is obvious that the concentrations of reagent metal 
and bismuth remaining in the lead may be reduced 
by lowering the activity of the bismuthide pre- 
It may then be possible to reach very low 
bismuth concentrations with the use of a single pre- 
cipitating agent. This can be done by dissolving the 
bismuthide in a suitable solvent, and alkali metal 
hydroxides such as NaOH have been found to serve 
An equation is given for calculating 
the limits of bismuth removal in the system Pb-Bi- 
Na/NaOH 


dec reases as 


as close as 


cipitat 


this purpose 


Separation of Lead and Bismuth by Combining the 
Lead with Other Elements 


Since oxygen is the cheapest nonmetal available 
for combination with lead, and 
much more readily reduced to metal than are the 
halides or sulfide, the most practicable separation 
of lead and bismuth, using thi principle, will be 
achieved with an oxidation reduction cy‘ le 

Fig. 1 shows the lead corner of the phase system 
Pb-Bi-O schematically, as an isothermal diagram 


ince lead oxide is 
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at a temperature not much above the melting point 
of the slags. For simplicity, the minute regions of 
olubility in the metal phase, and of metal 
Olubility in the slag phase, are neglected 
A mixture of lead, bismuth, and oxygen, which is 
point between the metal and 
slag lines, consists of a mixture of metal and slag 
The tie line how the relative concentrations of 
bismuth in metal and slag in equilibrium with each 
other. Thus, a mixture of total composition repre- 
sented by T consists of metal M and slag S in the 
relative proportions metal: slag TS:TM 
If oxygen is added to metal of composition M,, 
the addition of an infinitesimal amount of oxygen 
produce As further oxygen 
is added, the total composition changes along the 
line M.S, which, when produced, passes through the 
O corne! The metal and 
indicated by the tie lines, that is, 
been added to give a 
total composition T,, the metal composition is M, and 
lag composition S,. If the oxidation is continued 
all the lagged, the final product is 
», having the ame bismuth to lead ratio as 
metal. As long as the slagging i 
plete, however, the slag contains re latively Il , and 
the metal relatively more, bismuth than the original 
metal Thu , if the lag i 
reduced to metal, two metal products result, one 


oxyeen 


represented by any 


a slag of composition S 


lag compositions change 
ively as 


uffiCient oxygen has 


propre 


when 


metal | 


incom- 


ubsequently completely 


high and the other low in bismuth content 

Experimental determinations have been made by 
the author on the system described qualitatively 
above. It was found that at temperatures of about 


900° to 1000°C the ratio was 


pet Bi in unoxidized lead 
19.2 
pet Bi in metal reduced from the slag 
for the range 0.06 to 0.14 pct Bi in the former metal 
Jellinek and Sievers” found a value of 20.4 at 900°C 
for the same ratio, with a metal content of 36.7 pct 
3) 
At temperature 
lines would be expected to have only a very 


below 900° to 1000°C, the tie 
lightly 
afely 
be taken for the ratio applicable to the rather lowe! 
which would be used for a practical 


greater slope, and a round figure of 20 can 
temperature 
proce 

What would be the result 
umed that a batch of lead i 
continuously 


of two processt ? In 

t case it 1S a 
ubjected to oxidation, and the slag i 
run off as it is formed for 
h lead. In the consideration 
is given to a continuou ed through 
a furnace of the same type as the Port Pirie con- 
oftening furnace, part of the lead being 


ubsequent reduction to 
low bi econd case, 


flow of lead pa 


tinuou 


oxidized to form a slag which } ubsequently re- 
duced in another furnace 

Batch Process—Consider m g of metal containing 
eparately reduced 
leaving (m—dm) g 


Then (m—dm ) 


b pet Bi: dm g are oxidized, and 
to metal containing b/20 pet Bh, 
db) pet 4) 
(b+db) + b-dm/20 mb 


of metal containing (b 


By integrating between the limit b, to m,, b 


b 19 m 


In In 
h 20 rr 


ubscript 1 denotes initial state, and subscript 
denotes final state 

The bismuth content of the 
the lag will be 


where 


lead produced from 
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Fig. |\—Ternary di 
agram gives sche 
matic representation 
of lead corner of 


Pb-Bi-O system 


b 


m 


pet, where r m,/m,, the ratio of input lead to 
output of unoxidized lead 

The two products are thus 1/r parts of lead con 
taining b, pet Bi, and (7 1)/r parts of lead contain 
ing (rb b,)/( 1) pet Bi, where b initial pet 
Bi, r ratio specified above, and In b In b, + 19/20 
In r. As slagging 33 
pet of a lead containing initially 0.1 pet Bi. Here 
b O0.landr 1.5. Thus, b 0.147, and (rb b,)/ 
(r 1) 0.006. The two product 2 


a numerical example, considet 


are, therefore, 2/3 
of the lead containing 0.147 pet Bi, and 1/3 of the 
lead containing 0.006 pct Bi 

Continuous Process—The slag will be produced 
from a bath of the final composition b, pet Bi. It is 
very simply determined that the two products in this 
case are 1/r parts of lead containing 20rb,/r + 19 pet 
Bi, and r— 1/r parts of lead containing rb,/r + 19 
pet Bi. In this case, if we consider slagging 33 pet 
of a lead containing initially 0.1 pet Bi (ie. r 1.5, 
b 0.1) the product 
taining 0.146 pet Bi, and 1/3 of the lead containing 
0.0073 pet Bi. The 
as with a batch proce 

Practical Considerations——Unile the oxidizing 
(slagging) furnace is to be run at a temperature 
over the melting point of ltharge, 780°C, the oxide 
product will be a dro In the skim 
ming of the dross a large amount of metal will be 
entrained, Unle liquation this will 
carry bismuth into the reduction furnace, consider- 
ably raising the bismuth content of the low bismuth 


would be 2/3 of the lead con 


eparation is not quite so good 


, and not a slag 
removed by 
product 


lag i 
It may therefore be desirable to use 


On the other hand, metal entrainment by 
practically nil 
a flux for the litharge, in order to operate the oxida- 
tion furnace at a reasonably low temperature. The 
Port Pirie practice of adding antimonial slag as a 
flux in the continuous zine refining furnace could 
well be followed 
tion of lead 1 
content, at least part of the antimony required as a 


In fact, since the rate of oxida 
highest in a certain range of antimony 
flux could advantageously be added in the metallic 
tate (as antimonial lead) to the metal bath 

The slagging operation could perhap 
ried out in a continuous flow furnace of the type 
used at Port Pirie for softening and zinc refining 
The high rate of oxidation obtainable in these fur 
lightly lower de 
compared with a batch 


best be car- 


nace hould compensate for the 
gree of Bi-Pb separation a 
proce 

The reduction of slag to produce the low bismuth 
lead requires no discussion. Either reverberatory o1 
blast furnaces could be used 


MARCH 1956, JOURNAL OF METALS—343 


- 
7 
META 
— rb b, 
= my r l 
=. 
| 


Precipitation of Bismuth from Solution in Lead 

Ternary Systems—Most, if not all, of the alkali 
and alkaline earth metals form both bismuthides 
and plumbides.“ Often more than one compound is 
formed. In all cases, the free energies of formation 
of bismuthides are greater than those of correspond- 
ing plumbides at temperatures in the range of 327 
to 400°C and higher 

Complete thermodynamic data for the systems 
Pb-Bi-A (where A represents alkali or alkaline 
earth metal) are lacking, but enough information is 
available to establish some of the phase systems 
with fair certainty 

Kroll’* outlined in qualitative fashion the possi- 
bility of removing bismuth from lead in this man- 
ner. Jollivet” showed that, in many phase systems 
of which he examined the lead-rich regions, as is to 
be expected on fundamental grounds there exists 
equilibrium between solid compounds : and a 
liquid phase (the lead solution) where these com- 
pounds are completely dissociated. Thus, when a 
precipitation agent such as magnesium is added to 
lead containing a small percentage of bismuth, an 
equilibrium is set up 


3 (Mg), + 2 (Bi), (Mg,Bi,). 
and 
Mg, Bi, | 
in the presence of solid Mg,Bi,, where (X), denotes 
solution of X in lead, (X),. denotes crystalline solid 
X, [|X] denotes activity of X, and K equilibrium 
constant (at constant temperature) 

Fig. 2 shows the lead corner of the 
Pb-Bi-Mg, the eutectic trough having been calcu- 
lated from the published results of Betterton and 
Lebedeff.” On the liquidus surface A (liquid plus 
Mz,Bi,) the isotherms are fifth degree equations 


system 


assuming the activity of each component to be pro- 
portional to its weight percent. The eutectic trough 
is also approximately an isotherm for much of its 
length, and has been drawn as the equation of best 
fit through the four points shown 

There is a point Q of highest temperature along 
the eutectic trough, at the intersection with the line 
joining Pb and Mg,Bi,. This line divides the system 
into two quasi-ternary systems, with a eutectic 
point Z close to the Pb-Mg binary eutectic, and an- 
other ternary eutectic close to the Pb-Bi binary 
eutectic 

In area A, primary crystals of Mg,Bi, or possibly 
a complex compound of the type (Mg,Bi,),(Mg.Pb), 
form on cooling. In the area B, the primary crystals 
formed are Mg.Pb, and in the area C, lead containing 
a little Mg and Pb in solid solution. It is obvious 
that debismuthizing by the use of Mg alone can take 
place only in area A 

If lead of composition X is cooled, Mg,Bi, precipi- 
tates until the point Y is reached. On further cool- 
ing, Mg,Bi, and lead crystals precipitate simultane- 
ously until the ternary eutectic point Z is reached 

Similar diagrams can be constructed for the sys- 
tems Pb-Bi-Na, Pb-Bi-K, or Pb-Bi-Li, but quanti- 
tative data are not available 

The system Pb-Bi-Ca is superficially similar to 
the foregoing, but differs in that, for at least the 
lower portion, the boundary between the regions A 
not a true eutectic trough, but a peritectic 


and C is 
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fold. Thus, during solidification of a liquid whose 
composition lies on this line, the liquid composition 
does not move along the line to a ternary eutectic 
point, but moves into region C (see Fig. 3). In prac- 
tice, this is of no significance. Debismuthizing by 
the use of calcium alone can take place only in area 
A with the precipitation of Ca,Bi,, and ceases when 
the boundary line between A and C is reached, at 
which time crystals of lead begin to form. The 
lowest concentration of bismuth obtainable in this 
way appears from the diagram to be 0.034 pct, in 
fair agreement with Kroll’s claim for about 0.03 
pet Bi.* 

Figs. 2 and 3 have been drawn using data published 
about 20 years ago, and while they serve as an ap- 
proximation to the truth, they should not be con- 
sidered highly accurate 

Quaternary Systems—There are two systems in 
which known double bismuthides are formed 
Pb-Bi-Mg-Ca and Pb-Bi-Mg-K. Further discussion 
of them may be found in Appendix I. The former is 
the basis of the Kroll-Betterton process, the latter 
of the Jollivet (Penarroya) process. These two sys- 
tems are very similar, and a schematic representa- 
tion is given in Fig. 4, in the form of a view into the 
lead corner 

Quaternary systems are frequently represented in 
tetrahedrons, each element situated at one corner 
In the case of Fig. 4, the lead corner has been 
opened out so as to give rectangular axes, as the 
alloys or solutions to be considered contain a pre- 
ponderance of lead with small amounts of bismuth, 
magnesium, and either potassium or calcium. Points 
are represented in the normal manner, with coordi- 
nates representing potassium, magnesium, and bis- 
muth, respectively. Temperatures are not repre- 
sented in any manner, and the diagram is not iso- 
thermal, but the phase boundaries have been drawn 
assuming that the temperature at each point is the 
temperature at which a solid first precipitates. Thus 
the diagram shows liquidus surfaces, lines, or points, 
all at the appropriate liquidus temperatures 

The ternary boundaries (shown dashed) on the 
three border planes represent liquid plus two solids; 
the ternary eutectic points, liquid plus three solids 

The quaternary boundaries are shown as full 
Volumes represent a liquid plus one solid; 
surfaces, liquid plus two liquid plus 
three solids; eutectic points, liquid plus four solids 
At high enough temperatures, of course, a lesser 
number of solid phases may be present, or no solids 
at all. However, as stated, the diagram is drawn for 
liquidus temperatures at each point. If the diagram 
were to scale, it would indicate what solid first pre- 
cipitates on cooling a liquid of given composition 
(from the appropriate volume), what solid phase 
next appears (when a surface is reached), what 
solid phase is next to precipitate (when a line is 
reached), and finally, which quaternary eutectic 
point is reached 


lines 


olids; lines, 


The volume in which effective debismuthizing oc- 
curs is that bounded by the quaternary lines abdfg, 
extending out from the page surface toward the 
reader. In that volume K,Mg.Bi , and the 
liquid cools to a composition represented by the sur- 
face afb, when lead begins to solidify; or the surface 
dfg, when KMg,Pb, separates, together with further 
K,Mg.Bi 

If the solidification is allowed to proceed, the com- 
across the surface to the 


eparate 


position of the liquid passes 
line f, and along this line to one of the quaternary 
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eutectic points, E,, or E,. Practical debismuthizing 


finishes. however, when lead begins to solidify; that 
is. when surface abf is reached, or line f is reached 


from surface dfg. For optimum results, therefore, 
the potassium and magnesium requirements sh yuld 
be calculated (from the bismuth content) so that 
the final composition is near line f 

Fig. 5 shows the phase boundaries of Fig. 4 pro- 
jected onto the basal plane Pb-K-Mg. The cooling 
of a liquid X, which contains bismuth and added 
magnesium and potassium, proceeds down the line 
XY until at Y the surface afb is reached, and lead 
begins to solidify. During the partial freezing of 
the lead, the liquid composition moves back to Z 
The changes in bismuth concentration of the liquid 
can be seen in Fig. 6, which shows a vertical section 
through Pb-Y-Z-X, with bismuth content as the 
vertical dimension. For the purposes of this illus- 
tration, Pb-Y-Z-X is assumed to be in a straight 
line. Although this assumption is not generally true, 
the correct type of diagram results and the simpli- 
fication does not lead to false conclusions 

Fig. 6 is treated as a pseudoternary system, with 
K-Mg content plotted horizontally along the same 
axi The relative proportions of potassium and 
magnesium are K,Mg,. This diagram is 
to that of the Pb-Ag-Zn system’ with bismuth in- 
stead of silver, and K,Mg, instead of zine 

To lead containing B pct Bi, sufficient potassium 
and magnesium are added to give the liquid com- 
position X. On cooling, K.Mg.Bi, separates, and the 
liquid composition reaches Y, when lead and K,Mg,Bi 
crystallize simultaneously until Z is reached. In a 
ternary system, Z would be the eutectic point Here 
it is a point on the eutectic line f, but as the bisrnuth 
content does not vary greatly along line f, Z is quite 
close to the eutectic bismuth composition 

Point Z is reached only after a portion of the lead 
has solidified, and in a practical operation one can 
never tell exactly when Z is reached. Therefore, to 
reach the minimum possible bismuth content, it 
would be preferable to work in practice from point 
X’. so that Y’ and Z coincide. Then, when lead first 
to solidify, debismuthizing is already com- 


analogous 


begin 
plete 

Such a method of operation involves an exact 
calculation of potassium and magnesium require- 
from bismuth analyses and known losses of 
reagent by oxidation. It is more practicable to use 
a slight excess of potassium and magnesium, so that 
the starting point is X”. At Y”, KMg,Pb, precipitates 
simultaneously with K,Mg.Bi,, until Z is reached 

The foregoing discussion was concerned with en- 
suring that the bismuth content obtained is the 
lowest possible. It should be remarked here that it 
may be unnecessary to aim for the minimum pos- 
sible bismuth concentration—that Y may be low 
enough. or even some point on the line XY. In the 
unnecessary to cool the lead 


ment 


last case it would be 
bath right to the freezing point 

Jollivet Process—Fig. 7 shows the lead corner of 
the Pb-Bi-Mg-K system, analogous to the schematic 
representation of Fig. 5. Logarithmic coordinate: 
have been used, as they are more convenient than 
linear. The ternary boundaries of the ternary basal 
plane Pb-Mg-K were determined by thermal and 
chemical analysis by Blaskett.” The liquidus bismuth 
contours were determined by Jollivet” in the range 
0.01 to 0.05 pet Bi, confirmed subsequently by the 
author. and later determined more extensively by 
Blaskett™ down to less than 0.001 pct Bi. The bis- 
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Fig. 3—Ternary di 
agram plots lead 
corner of Pb-Bi-Ca 
system. E, is the 
ternary eutectic 
point; P,, ternary 
peritectic point 
(liquidus); P',, ter 
nary peritectic point 
(solidus); Y' and Z', 
solids in equilibrium 
with the liquids Y 
and Z, respectively; 
and Q, temperature 
maximum. Data from 
Betterton and 
Lebedeff’ are repre 
sented by: cross, 
Table |; circle, 
Table square, 
Table til 


muth contours shown are lines on the liquidus sur- 
face abf of Fig. 4 


The equation of these lines is 

7 log [Bi] + 6 log [Mg] 9 log [K] 
where [X] weight percent in lead. The reaction 
concerned is 7(Bi) 6(Mg), + 9(K), (K,Mg, 
3i.)., and this compound is seen to be the double 
bismuthide The line joining and 
E.,, the ternary eutectic points of the Pb-Mg-K sys- 
tem, is line 6 of Fig. 4. Lines f and 6 must be very 
close together with such small bismuth contents 
(0.00008 to 0.0008 pet Bi), and can be assumed to 


coincide 


27.64 
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Fig) 4—Schematic diagram gives three dimensional view 
into lead corner of the Pb-Bi.K.Mg system 


Solid lines represent 
quaternary boundaries, 
liquid plus 3 solids 


Dashed lines represent 
ternary boundaries, 
liquid plus 2 solids 


KMgoPb;, 


+ 


Quaternary eutectic points 
represent liquid 
plus 4 solids” 


Ternary eutectic points 
represent liquid 
plus 3 solids 


Pb KP bh, E, Pb + KPby + 
KMeol’b KeMe.Bi 
MeePb E, Pb 


KoMe.Bi 


"See Appendix | 


It is obvious that to produce debismuthized lead, 
quite unnecessary to aim to 
line. It is not even 


using thi proce it 1 
reach point Z on the eutect 
necessary to have partial freezing of the lead, ensur- 
ing that point Y, Fig. 5, on the liquidus surface abf 
is reached 

of the amounts of reagent required ovet 
those for compound formation, which 


Example 
and above 
depend upon the input bismuth percentage, to pro- 
duce various bismuth concentrations in debismuth- 
ized lead at the freezing point are given in Table I 
that equal potassium and magnesium 
remain in the liquid, which is not the 
most economical case, but is the simplest for sake 
of example. The correct ratio of potassium to mag- 
nesium to be used at any plant should be calculated 
of potassium 


Thi ultie 


percentage 


on the basis of the comparative prices 
and magnesium, See Appendix I 

Kroll-Betterton Process—-Fig. 8 shows the lead 
corner of the system Pb-Bi-Mg-Ca, projected on the 
ternary basal plane Pb-Mg-Ca 

The liquidus bismuth contours were determined 
by Jollivet" for the region 0.03 to 0.5 pet Bi, and 
confirmed by the author down to 0.005 pet Bi. The 
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ternary boundary E,P, has not been determined 
exactly. It has been drawn through the point 0.05 
pet Ca, 0.10 pet Mg, these being the 
amounts of reagent left in debismuthized lead at its 
freezing point. Such a lead should, according to this 
diagram, contain about 0.006 to 0.007 pet Bi, which 
also agrees with the best results of good practice 

An examination of Betterton’s result Table XII 
shows that P, must lie above the composition 0.07 
pet Ca, 0.04 pet Mg, because CaPb, separated from 
lead of this composition when calcium was added 
This 3 igned position 
of E,P, 

Evers,” independently of Jollivet, showed that a 
double bismuthide of calcium and magnesium i: 


customary 


also in agreement with the a 


formed in this operation 


(Ca), + 2(Mg), 2( Bi), (CaMg,Bi,) 


It should be noted that 3CaMg.Bi Ca,Bi,:2Mg,Bi 
been 
78-10 


The equilibrium constant for this reaction ha 
given by Jollivet as: K Mg] [Bi] ] 
where [|X] weight percent in lead 

Fig. 8 reveals that less than 0.005 pct Bi in lead 
can be obtained only if more than 0.2 pct Mg re- 
mains in the lead at its freezing point. Still lower 
bismuth contents are reached only by greatly in- 
creasing the magnesium consumption. For example, 
0.0025 pet Bi is obtained with about 1.2 pet Mg 
remaining in solution. Because the slope of the line 
of equal bismuth concentration | 


the slope of the ternary boundary E,P,, small varia- 


nearly equal to 


tions in the residual magnesium concentration pro- 
duce practically no change in the resulting bismuth 
content of the lead. This could well be why Betterton 
and Lebedeff 
exces 

Unlike the Jollivet proces 
low bismuth concentration 
the Kroll-Betterton process can debismuthize to 
satisfactorily low levels only when great care is 
exercised. All traces of the small crystallites float- 
ing in the bath must be removed 

Betterton and Lebedeff found that if antimony 
were added to the debismuthized lead bath, the bulk 
of the precipitate would be increased by the forma- 
tion of Sb.Mg, and Sb.Ca,, and these helped to float 
out the residual small bismuthide crystals. There is 
no evidence of a quaternary compound between 
magnesium, calcium, bismuth, and antimony.’ The 
function of antimony is therefore physical, and not 
chemical. It merely helps to ensure that no bismuth 
in excess of that determined by the solubility product 
for Mg.CaBi, remains in the treated lead 

Betterton and Lebedeff claimed that when using 
antimony it was possible to reduce bismuth to le 
than 0.001 pet by repeated treatment Thi 
can reasonably be doubted” in view of the data 


found no advantage in using great 
of a reagent. 

which can reach very 
with comparative ease 


claim 


*It is, however 
lead to below the \ 
pe 


possible to 


expected fror 


int, a will be shown in a forthe 


presented here. It would be of considerable interest 
to know whether, and under what conditions, thi 
experience has been duplicated 
It has also been claimed” that organic agent uch 
as proteins or carbohydrates, when 
viously debismuthized lead, improve the physical 
eparability of the fine bismuthide crystallite till 
swimming in the bath. The mechani 
of the finely divided carbon produced by the de- 
composition of the organic agent is not known 


tirred into pre- 


m of the action 
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alkaline earth metals in lead are exceedingly prone 
to atmospheric oxidation. Even solid ingots of lead 
containing a few percent of sodium or potassium 
crumble into powder in a few weeks if not stored 
in an airtight container. The molten alloys dross 
very rapidly, and if the temperature is allowed to 
rise much above 400°C, the heat of oxidation can 
be so great as to bring the lead bath to red heat 

The first problem in debismuthizing, therefore, is 
to incorporate the reagents quickly into the lead 
bath. An efficient stirrer must be used; and the 
temperature employed for the Kroll-Betterton proc- 
ce hould not exceed 420°C, and is preferably 
lower. Magnesium is added as sticks and calcium 
as an alloy in lead containing 2 to 5 pet Ca. This 
latter alloy cannot be made by direct addition of 
calcium to lead, but can be made either by exchange 
between Ca-Al alloy and lead, or oxidation of carbon 
from Ca,.C by CO in a closed vessel containing a lead 
bath 

When magnesium and potassium are used as rea- 
gents, the elements can be stirred into the lead bath 
at between 370° and 380°C, provided the stirring 1 
efficient. In a large plant it would perhaps be more 
economical to incorporate potassium into lead elec- 
trolytically, as Jollivet proposed Potassium can 
also be reduced from KOH into lead by other metals, 
as later described 

The second problem encountered in the Kroll- 
Betterton process is that of separating the fine crys- 
tallites of bismuthide as completely as possible 
Ever showed that the cooling rate from 360° to 
327°C is critical and must be kept low. Otherwise 
repeated reheatings and recoolings are required to 
obtain less than 0.02 pet Bi, and reach a figure of 
about 0.013 pet Bi. With a cooling time of from 
6 to 10 hr between 360° and 327°C, in a 50 ton pan, 
Evers was able to reach between 0.007 and 0.012 pet 
Bi in one cooling cycle. A further treatment with 
from 0.15 to 0.25 pet Sb stirred in at 370° to 380°C 
for 3 min yields a final result of from 0.006 to 0.007 
pet Bi on cooling to 340°C, with a total recovery of 
from 80 to 86 pct of the input lead 

As is also the case in desilverizing, impuritie 
which combine with the added reagent hould be 
removed from the lead prior to this treatment, o1 
else reagent consumption will be high and the large 
amounts of drosses requiring removal may render 
the process impracticable. Arsenic and antimony are 
the most troublesome impuritie Jetterton recom- 
mended that they be as low as possible and that, 
therefore, debismuthizing should be performed on 
otherwise fully refined lead 

Two European refineries perform a continuou 
debismuthizing operation, using deep kettle ome 
what similar to the Williams continuous desilver- 
izing kettle. One uses a modification of the Kroll 
Jetterton proce and lead containing 0.006 to 0.011 
pet Bi, averaging 0.009 pct Bi, is produced without 
requiring antimony treatment. The excellent tem- 
perature control obtainable with this type of proce 
is responsible for these good result 

The other, Penarroya, has developed the Jollivet 
process—using potassium and magnesium addition: 


along similar lines to the forecast in ref. 28, but 
K-Pb is made by reacting sodium, and then KOH 
with lead. This method is cheaper, in Europe, than 
using metallic potassium, or reacting Mg-Pb alloy 
with KOH. The process yields lead with 0.001 to 
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Practical Considerations—Solutions of alkali or 


Table |. Amounts of Reagent Required to Produce Various Bismuth 
Concentrations 


Potassiam or 
Magnesiom, Pet; 


Bismuth, Pet Equal Amount 
0.0001 11 
0.001 0.36 
0.0025 0.24 
0.005 0.17 


0.005 pet Bi, averaging 0.004 pct Bi, the outgoing 
lead temperature being 340° to 350°C 

Removal of residual reagent metals from lead is 
not difficult, and may be effected by chlorination, 
oxidation with nitre, steam, or water, etc. Although 
magnesium is lost as MgO, KOH is regenerated fot 
re-use 

Formulae for the calculation of reagent additions 
in practice have not been given above. They can be 
derived quite simply from the data presented. First, 
the desired limit of bismuth in debismuthized lead 
must be decided. This limit determines the amounts 
of reagents which must remain in solution in the 
debismuthized lead, Figs. 7 and 8. The amounts of 
each reagent are not independent, but can be varied 


over wide limit The most economical ratio (of 
Ca: Mg for the Kroll-Betterton process, or K: Mg for 
the Jollivet process) should be determined as illus 
trated in Appendix II. The amounts of reagent 
which chemically combine with bismuth are cal 
culated simply from atomic weights and the appli 
cable equation, together with the bismuth analyses 
before and after debismuthizing. The formula for 
each reagent requirement will therefore contain two 
term one relating to lead tonnage (the solubility 
term) and the other to the amount of bismuth re- 
moved (the chemical combination term). The exces: 
of a reagent, over and above this theoretical re 
quirement, to allow for oxidation losses depend 
upon the working method, and must be determined 
empirically 

Recovery of Bismuth—-The crust may be liquated 
under a molten salt cover of alkaline earth chlorides 
to separate a portion of the entrained lead, if war- 
ranted. Then the reagent metals magnesium and 
calcium or potassium are removed from the Bi-Pb 
alloy ome lead always remains mechanically en- 
trained—-in the same manner as from the debismuth 
ized lead, by oxidation. The resulting Bi-Pb alloy, 
which may contain between 7 and 20 pet or more Bi, 
is usually electrolyzed to separate bismuth and lead 


Precipitation of Bismuth and Solution of 
Bismuthide in a Slag 


In 1944 a patent was granted” for debismuthizing 
of lead by addition of sodium to the lead bath under 
a layer of caustic soda flux. Further patents in 1946’ 
and 1950" concerned improvements in this basic 
principle, the former producing sodium in situ by 
reducing portion of the NaOH by an agent such a: 
CaC,, the latter producing sodium by electrolysis of 
the NaOH bath, and causing bismuth to precipitate 
from the NaOH electrolyte into a molten lead anode 

The addition of sodium to lead containing bismuth 
causes Na,Bi to precipitate, in the same manner a 
Mg,Bi, separates when magnesium is added. The 
limit to which bismuth can be removed in thi 
manner, 1.e., the bismuth level of the ternary eutectic 
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point near the Pb-Na side, is not exactly known, 
puti probably not le than 0.02 pet Bi 


In the equilibrium 


3(Na), + (Bi), (Na,Bi) 
Bi] 
[Na,Bi] 


K 


where [|X] is activity of X 

As K is a constant for a given temperature, it i 
po ible to reduce the activiti« of the terms in the 
numerator by reducing the activity of Na,Bi. In the 
Dittmer proce the activity of Na,Bi is reduced by 
dissolving it in NaOH. Thus, in the presence of a 
given concentration of sodium in lead, the bismuth 
concentration in the lead is correspondingly reduced 


Blaskett™ was able to show that the ratio 


7.2 
(Na pet) 


41 concentration in Pb 


hi concentration in NaOH 


in the range 0.001 to 0.01 pet Bi in lead, at about 
40°C 

This form of relation is to be expected if bismuth 
is trivalent 

From this relation the degree of bismuth removal 
can be calculated for a given ratio of NaOH to lead, 
and sodium concentration in lead. This will apply 
regardle of the manner in which sodium is intro- 
duced into the lead—as an addition of sodium metal, 
or by chemical or electrolytic reduction of NaOH 

The removal of bismuth from the molten NaOH 
was effected by agitating the caustic slag with ai 
or steam, in the presence of lead.“ Thus, the free 
odium was oxidized and bismuth was precipitated 
from the NaOH phase and dissolved in the lead 
phase, Similarly, in the electrolytic process,” bis- 
muth precipitates from the NaOH electrolytic at the 
anode lead surface, where sodium in the lead j 


oxidized 


This process shares with the Jollivet process the 
ability to reduce bismuth in lead to below 0.001 pet, 
and may well be developed in the future if there i 
a demand for lead of very low bismuth content 


Conclusion 


The Betts aqueous electrolysis process for de- 
bismuthizing was the only process of its kind for 
many yea In the 1930's, the Kroll-Betterton 
proce was developed, whereby bismuth could be 


removed economically to less than 0.01 pet in lead 
with calcium and magnesium. However, the limit 
of 0.005 pet Bi imposed for chemical lead can be 
reached by this procs only with difficulty, either 
by using large amounts of the reagent magnesium 
or with the further stage of antimony additions 

More recently, the Jollivet process has been com- 
mercially developed, and can debismuthize to well 
under 0.005 pet Bi. It is more economical in some 
parts of the world, partly because it is unnecessary 
to cool debismuthized lead right to its freezing point, 
but mainly because of lower reagent cost. When 
K-Pb is made from sodium and KOH, the potassium 
in solution in debismuthized lead is recovered as the 
hydroxide for re-use, and the byproduct NaOH can 
be used as a Harris reagent 


Both the Kroll-Betterton and Jollivet processes 
have been commercially conducted continuously 
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Fig. 5—Quoternary 
diagram gives sche- 
matic representation 
of lead corner of 
Pb-Bi-Mg-K system 
For nomenclature, 
see tabular material 
with Fig. 4, and text 


Fig. 6—Pseudoternary diagram gives schematic representa 


tion of Pb-Bi-Mg-K system 


| 
+Pr 


Fig. 7—Quoternary diagram plots lead corner of Pb-Bi-Mg-K 


system 
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The latest debismuthizing innovation is the Dittmer 
conducted 
continuously and, like the Jollivet process, can re- 
duce bismuth in lead to very low concentrations 
The oxidation reduction process has probably not 
been used commercially for about a hundred years 
It is a simple method for producing lead of ex- 
tremely low bismuth content, as for experimental 
purposes, if more than one cycle of operations is 


process, which in principle can also be 


carried out. It is unlikely to compete economically 
with the other processes Chlorina- 
tion reduction or fluorination reduction cycles would 
give even better separations of lead and bismuth, 
but the difficulty in reducing the lead halides ex- 
cludes them from consideration at present 
Fundamental descriptions and explanations of de- 
bismuthizing processes have been given using the 
phase diagram data available. Although these data 
are incomplete, the filling in of the gaps will only 
refine this picture rather than change it radically, as 
sufficient information now exists to give an under 


mentioned here 


standing of all the reactions concerned 


Appendix | 
The discussion of the quaternary systems Pb-Bi- 
Mg-Ca and Pb-Bi-Mg-K has been simplified above 
for the sake of clarity in the diagrams. These were 
if only one ternary bismuth compound 
CaMg.Bi, and K,Mg,Bi.. For 


magnesium, and calcium or 


treated as 
existed in each system 
the ranges of bismuth 
potassium normally 
practice, this treatment is valid 
pounds have been found in the former system, 
Ca,MgBi, and CaMg.Bi,; and three in the latter, 
K.MgBi., K,.Mg.Bi., and K,Mg,.Bi The manner in 
which the existence of these other compounds modi- 
fies the phase diagrams will be discussed briefly 
Although in the following discu 
sumed that all compounds found by Jollivet 
there is ground for considerable doubt. For exam- 
ple, the ternary system Mg-Ca-Bi ha 
scopically and thermally analysed” without finding 
any evidence of a ternary compound other than 
CaMg.Bi.. In the system Mg-K-Bi the author ha 


percentages encountered in 


However, two com- 


sion it will be as- 
exist, 


been micro- 


aries 


had evidence of a ternary compound with a solu- 
bility in lead lower than that of K,Mg,Bi,. The fol- 
lowing description should be taken only as an indi- 
cation of the way in which the quaternary diagrams 
must be modified if the existence of more than one 
ternary compound in each case should be proved 
Referring to Fig. 4, it is seen that the region of 
debismuthizing is the volume bounded by the qua- 
volume is in reality made 
up of three adjacent volumes. On the right Is 
L+K.Mg,.Bi,; in the centre, L + K,Mg,Bi,; and on the 
left, L4+K,.MgBi,; L standing for liquid. The bound- 
volumes are probably 


ternary lines abdfg. Thi 


between these three 
peritectics, so that a liquid on cooling may cross the 
boundary, but may not follow it until a further sur 
face is reached 


Referring to Fig. 7, which shows the main portion 


of the liquidus L+Pb, with the minimum attainable 


bismuth concentrations, it is obvious that this too 
will be divided into three portions. Jollivet 
the liquidus compositions for each of these portions 


gives 


as follows 


10 
10 


{Bil [Me]"[K] 10 


purely coincidental 
practically 


noted that it is 
that the constant in Eq. 2 and Eq. 3 1 
the same. In any units other than weight percent, 
the constants would, of course, be widely different 

In Fig. 8, the liquidus L4 Pb should similarly be 
which the respective 


It should be 


divided into two areas, for 
liquidu are determined by the rela 


tion 


composition 


10°" [4] 


unknown constant [5] 


Me] 


In the system Pb-Bi-Mg-K it appears to be very 
difficult to nucleate the compound K,Mg,,Bi,, and 


Fig. 8—Quaternary diagram 
plots lead corner of Pb-Bi-Mg 
Ca system 
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persists In meta- 
olution in 


normally the compound K,Mg,Bi 
table equilibrium with the liquid lead 
composition where one would 
K.Mg¢,,Bi In therefore, the 
quirements for the Jollivet proce hould be calcu- 
however, the 
may be 


regions expect 


practice reagent re- 
Occasionally lowe! 
sponding to Eq. 3 


lated from Eq. 2 
bismuth content corre 
found in its expected composition region 

A further simplification has been made in Figs 
4 and 5. As drawn, these figures contradict the 
rule, in that at each quaternary eutectic five 
equilibrium with the 
become unduly com- 
plicated when drawn correctly. Referring to the 
Pb-K side, line a should not run into the eutectic 
point E,, but should intersect line c. A further 
following close to d, also meets a and c 
Similarly, line b does 


line 


pha ‘ 
olids have 
liquid. The diagram 


been shown in 


eutectl 


boundary 
in this new quaternary point 
not enter the eutectic point E,,, but intersect 
from which another boundary following close to g 
emerge These newly mentioned quaternary point 
are pre and must le extreme 
ly close to the other quaternary eutectic point The 
mentioned because a reader examining the 
closely obviou 


inconsistenc’ 


umably also eutecti 


matter 1 
diagram may be puzzled by the 
still further complicated by 
the existence of a K-Bi 
do not merit discussion, 
debismuthizing 


The real diagram 1 
number of compound 
which, however ince they 
in no way affect the outcome of 


proce ‘ 


Appendix II 


Calculation of the Most Economical Reagent Ad- 


ditions -The amounts of reagent required to com- 
bine chemically with bismuth are fixed stoichiomet- 
and so cannot be varied at will. However, 


olution in debismuth- 


rically 
the relative 
ized lead can be chosen to give maximum economy 
In the following example, it Is a that 100 
hort tons of lead are to be debismuthized by the 
from 0.50 pet to 0.004 pet Bi 


amounts left in 
umed 
Jollivet proce 


If b, m, and k are the re 


magnesium and 


percentages of 


de bi - 


pective 


bismuth potassium in 


muthized lead, and M and K are the cost per unit 
weight of magnesium and potassium respectively, 
then 7 log b 6 log m 9 log | 27.64. and b 
0.004: so that 6 log m 9 log | 10.85, or mk 


0.0155. The cost of reagents is mM +kK (in any 
units) 0.0155 M/} +kK. This is a minimum 
when K 0.0232 M/k 0; that is, when k 
0.221(M/K)** 

For the sake of evaluating numerically, costs will 
be assumed as follows in cents per Ib: sodium, 20¢; 
KOH. 10¢: NaOH, 5¢: and magnesium, 30« If it is 
assumed that 10 pet each of KOH and magnesium 
are lost, that 80 pet of KOH | 
and 10 pet of KOH enters NaOH and is used in 
Harri then the net materials costs—neg- 
lecting treatment cost, hould, however, be 
calculation—are approximately 33¢ 

Inserting M 3d 
0.36 pet, and m 


recovered for re-use, 


refining 
which 
included in thi 
for magnesium and 10¢ for 
10 in the equations, | 


odium 
and kK 
O.072 pet 
amounts for residual solubility in 
lead are therefore 144 lb Mg and 720 Ib K 
Lowering the bismuth contents in 100 tons of lead 
from 0.5 pet to 0.004 pet Bi amounts to combining 
992 Ib Bi, which requires 99.2 lb Mg and 238 lb K 


The reagent 
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The total requirements excluding oxidation losses 
are thus 243 lb Mg and 958 lb K 

It is seen that the formulae for calculating reagent 
additions under the conditions assumed in this case 
f,[7.2 + 4.8 (b—0.004) ] lb per ton 
f, [1.44 + 2.0 (b — 0.004) ] Ib 

factor for oxidation loss, to 
percentage of 


are: potassium 
lead and magnesium 
per ton lead, where f 
be determined empirically, and b 
bismuth in lead before debismuthizing 

For other cost data, or for debismuthizing to any 
level other than 0.004 pct Bi, the formulae should 
be redetermined to find the economic optimum 
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Rate of FeO Reduction from a CaO-SiO,-Al.O, 
Slag By Carbon-Saturated Iron 


by W. O. Philbrook and L. D. Kirkbride 


iy the normal operation of the iron blast furnace, 


reduction of the iron oxide | 


accomplished 
almost entirely above the tuyere Blast furnace 
slags usually contain less than 0.5 pct FeO, although 
higher values may occur with abnormal operation 
There is 
pletely reduced ore may sometime 


reason to conjecture, however, that incom- 
reach the hearth 
and enter the slag as a result of heavy slips or, per- 
haps, even from cores of excessively large lumps of 
a charge material of poor reducibility. The possi- 
falling in front 
of the tuyeres has been considered by several write! 

It would be of interest to know how rapidly iron 
oxides reaching the slag for any of these reason 
could be reduced by reaction with coke or with the 


bility of reoxidation of iron droplet 


high carbon liquid iron in the hearth 

In comparison with the hundreds of papers that 
have appeared on various aspects of the reduction 
and in the presence of 


been pub- 


of solid iron oxides by gases 
several forms of carbon, little work ha 
lished on the reduction of liquid oxides or slag 
Dancey’ measured rates of reaction of the pure liquid 
oxides, both FeO and Fe,O,, with molten iron con 
The oxide was dropped into 
the cup formed in the upper surface of the iron by 
rotating the crucible and melt. Under these cond) 
tions, reduction of either FeO or Fe,O, was com 
pleted in le than 10 sec. The present study 
concerned with the reduction of FeO from 


taining about 4.3 pet C 


furnace-type slags containing less than 5 pct FeO 


and melted over carbon-saturated iron in stationary 
graphite crucible The results were considerably 
different from those found by Dancey, as will be 
discussed later 

Although this work is of interest in relation to 
hearth reactions in the blast furnace, interpretation 
made with caution because the exper! 
do not duplicate those within a 
furnace and may not even lead to the same reaction 
mechanism. The authors were motivated in unde 
taking this work by an additional interest—the part 
played by FeO reduction in the mechanism of de 
imilar exper! 


must be 
mental condition 


ulphurization of iron by slags under 
mental condition 

Derge Philbrook, and Goldman 
tailed experimental evidence to support a three 
ilphurization like that orig 


de ve loped de 


tep mechanism for de 
inally propo ed by Holbrook and Jo eph' 
FeS = FeS 
FeS CaO FeO, 
FeO) Fe(l) CO(g) 
(These reactions are written in molecular form 
convenience. but this is not intended to imply 
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dent Associate AIME, are Professor of Metallurgical Engineering 
and Graduate Student, respectively, Carnegie Institute of Tech 
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existence of molecules of FeS in the bulk metal 
phase nor to deny the likelihood of ionic reaction 
in the slag.) Earlier work by Chang and Goldman 
had shown that the overall reaction follows first 
ulphur and that the 
proportional to the slag-metal 


order kinetics with respect to 
rate of reaction 1 
interface area, Which observations have been con- 
firmed by subsequent work. Later studies have 
established the influence of alloying elements on the 
first and last steps of the reaction. Thi 


ports a tudy of ste ps alone, 


paper re 
uncomplicated by the 


imultaneous proce of sulphur transfet 


Apparatus and Procedure 
Ihe experiments were made in a conventional 
high frequency induction furnace powered by a 35 
kva Hg park gap converte! 
used for most of the runs were 14 cm (5.5 in.) deep 
and 4.86 cm (1.9 in.) ID with 0.75 em (0.3 in.) wall 


An insulating cover with a 


The graphite crucible 


mall opening for with 
drawing samples was used to minimize heat loss and 
infiltration of air into the furnace 

The crucible was charged with 300 g of carbon 
aturated iron and either 65 or 100 g of prefused 
lag analyzing 38.0 pet SiO,, 15.4 pet ALO, and 47.1 
pet CaO 
at the 
brought to temperature together to prevent the re 
graphite that 
caused by the chilling effect of a large addition of 


To obtain the cleanest possible interface 
tart of the reaction, the metal and slag were 


jection of kish would have been 


cold slag to carbon-saturated tron 

After temperature control had been established, 
added in the 
form of a prefused slag of composition 73.6 pet FeO, 
7.7 pet Al,O,, and 19.0 pet SiO,, Thi lag addition 
omewhat than 


the desired amount of iron oxide wa 


was observed to be molten in 
1 min, and a very vigorous reaction proceeded for 
! to 2 min after its introduction. Zero time was taken 
as 2 min after the ferrou ilicate slag addition 
Slag sample 
taken periodically by a copper chill sampler.” The 
weight of the initial slag was large relative to the 
ht of © that the lag weight 

d by more than 5 pet during any run 

a calibrated W/Mo 


mmersed inthe metal, with a graphite 


weighing about 5 » each were 


amples removed 

Temperature was measured by 

rmocouple 
ip cemented over used silica protection tubs 
to prevent attack by ag and metal. After some 
difficulties with uncertain temperatures during the 
first two runs, the practice adopted to position the 
thermocouple for reproducible results was to lower 
the protection tube to touch the bottom of the cru 
cible and then raise it 0.5 em. The apparent tem 
perature gradient between the bottom of the crucible 
and the top of the slag was found to be 15°C (27°F) 
but much of this spread was probably the result of 
inadequate immersion of the protection tube to off 
et conduction losses along the graphite tip when 
the thermocouple was inserted only into the slag 
The temperature of the bath was 


*5°C (9°F) during a run 


controlled within 
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Table |. Rate Data: FeO Reduction 


Pet heo Pet Feo 
Ren Ne and Time in Ken No. and Time, in 
Temperature Min Slag Temperatare Min Slag 


1, ternperature 2, tern perature 
uncertain 0 160 uncertain 0 498 
2.74 
208 3 18 
4 1.79 +33 
14 1.14 0 2.39 
4 069 20 131 
4 055 4 0.72 
74 0.50 
4, 1490°¢ $ 4.70 9, 0 
417 2 1.59 
12 a7 4 5.08 
20 4 24 
“ 262 15 1.65 
20 143 
0.97 
12, 1490°¢ 0 427 13, 1430°C 0 2.56 
474 5 1.02 
7 12 10 1.01 
2 200 14 0.85 
2 17 25 0 86 
40 069 
“ao 0.70 “oO 046 

100 
14, 1400°¢ 2 427 2 4.02 
‘ 6 1.48 
10 14 10 $42 
14 244 18 2.7¢ 
208 2.19 
16, 0 44i 17, 1s70°C 0 +86 
2 2 
412 


1m, 1490°¢ 10 0.42 19, 1430°¢ 5 2% 
on 000 10 1.90 

20 1.37 

1.04 

40 088 


The experimental results of 12 runs are recorded 
in Table I. The FeO contents reported for the slags 
were calculated from the analyzed total iron content 
of magnetically cleaned samples. Because of un- 
certainty about the true temperatures for run Nos 
| and 2, the data from these runs have been used 
only to verify the order of the reaction 

Typical rate curves are plotted in Fig. 1 for run 
Nos. 4 and 9 and in Fig. 2 for heat Nos. 12 and 16 
Fig. 1 shows that the rate of FeO reduction is de- 
creased when the metallic phase is removed even 
though the slag-graphite interface is trebled in area 
(see Table II). Fig. 2 compares two runs that were 
identical except for their temperatures, 1430 
(2606°) and 1570°C (2858°F), and demonstrates 
that the rate of reduction increases slightly with 
increasing temperature, The spread of experimental 
points and interrelations among the curves are 
hown more usefully by the treatment to follow, so 
time curves for other runs have not been reproduced 


Rate Calculations 


An analysis was made by conventional methods of 
chemical kinetics’ to determine the apparent order 
of the reaction. For a general reaction of the type 


aX BY 


y¥Z +4 Products 


the rate of the forward reaction is given by 


where the integer « is the order of the reaction with 
respect to reactant X, etc., and k is a proportionality 
factor called the rate constant. For a heterogeneous 
reaction occurring at an interface, the rate is also 


proportional to the interface area 


If it is assumed for the 
reaction 1s 


present that the reduction 


FeQ,, tos) C Fe(l) t CO(g), [4] 


then the rate is expressed as 


dw Feo Ss d C, «0 


KA (Cy.0)* (Co)? 5 
dt 100. dt ) 


where —(d W,,./dt) is the rate of consumption of 
FeO in grams per min, S is the weight of slag in 
grams, Cy. is the concentration of FeO in the slag 
in weight percent, C, is the concentration of carbon, 
A is the interface area in square centimeters, and k 
is the rate constant: g FeO per (min) (sq cm) (pct 
FeO)*(C.)*. The exponents a and £ on the concen- 
trations have been retained to preserve generality 
even though Eq. 4 as written indicates them to be 
unity. The back reaction has been ignored in writ- 
ing Eq. 5, because in this particular instance Eq. 4 
goes virtually to completion. (Data from heat No. 18 
in Table I show that no FeO was introduced into a 
lag initially low in iron oxide during 1 hr at tem- 
perature in a nearly pure CO atm.) Since the con- 
centration of carbon is constant in a carbon-satu- 
rated system, this value may be combined with the 
rate constant 

= k [6] 


Moreover, for specified slag weight and interface 
area, Eq. 5 can be simplified to 


[7] 
dt 
where 
100 k’A 
s 


Values for the appropriate rate constant and for a 
are to be found from the experimental data 

Order of Reaction: The value of a was obtained 
by making use of the logarithmic form of Eq. 7 


d Creo 
log ( log k” + a log (Cr.o) [8] 
dt 


d Creo 


) against log (Cy...) should 
at 


A plot of log ( 


yield a straight line of slope a and intercept on the 
1.0 pet FeO ordinate equal to log k”. Values for such 
plots were obtained by fitting smooth curves through 
the experimental points for (pct FeO) vs time and 
drawing tangents to the curves at arbitrary FeO 
contents. The slopes of the tangents gave dC,,,/dt 
for corresponding values of Cy... Typical log-log 
plots are shown in Fig. 3, where it may be seen that 
the points fit straight lines quite well in view of 
experimental errors and possible inaccuracies in fit- 
ting tangents. The slopes ranged from 1.6 to 2.3, as 
listed in col. 5 of Table II, giving an average of 2.0 


Fig. 1—Rate curves 

are given for FeO so 
reduction at 1430°C 
with slag-metal im- 
terface (run No. 9) = we 
and without metal + 
run No. 4) 
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214 10 224 
| 
ach 


Table Il. Summary of Data and Results for Order of Reaction and Rate Constants 


Slag 
Graphite 
Area, Cm 


Temperature, 


Slag Wt, 
Run No 


Uncertain 


2 Uncertau 100 29 
4 1430 130 56 
9 1430 65 i9 
12 1440 65 19 
13 1430 65 ig 
i4 1430 65 $7 
15 1430 65 17 
i9 1430 100 13 
18 14.40 100 13 
16 1570 65 19 

1570 65 ig 


li weight was 300 g for all 


Slag 
Metal 
Area, Sq Cm 


Order of 
Reaction kil kel 


18 Lf 028 

18 2.0 0 028 

0 2.1 0.0053 0.00012 
18 0.020 0 00059 

18 1.6 0.019 0 00056 

iB 2 0.020 0.00059 

0 0.007 0 00014 
0 0.0070 0 00012 
2.3 0.022 0 

18 20 0.024 

18 0 022 


for the order of the reaction. This second order is, 
of course, inconsistent with the postulated Eq. 4 
Possible interpretations are considered in the section 
entitled “Discussion.” 

Rate Constants: Once the order of the reaction 
had been established, an alternate method to Eq. 8 
could be used to evaluate the constant k” from a 
direct plot of experimental points without an inter- 
mediate graphical step. The relation was derived 
7 by setting a equal to 2 and integrating 
0 to concentra- 


from Eq 
from concentration C, at time t 
tion C at time t. The subscripts FeO have been 
from the concentration 


dropped for convenience 


terms in the resulting equation 


k"t [9] 


] l 
A plot of (— ra ) against t should yield a 


straight line passing through the origin and with 
slope equal to k”. The data from four typical run 
plotted in this way in Fig. 4 show satisfactory agree 
ment with the predicted behavior. This provides a 
check on the conclusion that the reaction follows 
second order kinetics with respect to (pet FeO). The 
values of k” obtained from the slopes of lines such 
as those in Fig. 4 are listed in Table II. The corres 
ponding values of k” read from intercepts in plots 
such as Fig. 3 were in fairly good agreement with 
those recorded 

The next step was to take into account the vari 
ables of slag weight and interface area in k” to 
learn if the various runs at a given temperature 
gave consistent values for the rate constant, k’. The 
results of runs with no metal present indicated that 
the reduction of FeO from the slag by the graphite 
of the crucible could not be disregarded. It wa 
assumed that two parallel reactions were taking 
place indepe ndently, one at the slag-metal interface 
and one at the slag-graphite interface, and that both 
were of second order (which seemed justified by the 


Fig. 2—Rate curves 33 
are shown for FeO 


reduction in slag 2 
metal runs at 1430° 
and 1570°C o s70° 
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data). Since the iron was carbon-saturated, the 
activity of carbon was taken to be unity for both 
reactions. The total amount of FeO consumed would 
be the sum of the reacting at each inter- 
face, so the following modification of Eq. 5 could be 


amounts 


written 
+ KyAs (Creo)’ 
dt S 
100 
— (k,A kA.) (Creo) [10] 
Ss 


subscript 1 refers to the slag-metal inte1 

face and subscript 2 to the slag-graphite interface 
By comparison with Eq. 7 and the original definition 
of k", it will be seen that for Eq. 10 


where the 


100 
(k,A, + k,A,) 
S 


and k,, for the two 
kinds of interface could be evaluated separately for 
the runs at 1430°C. Values of k, were found from 
4, 14, and 15 (where A 0) by substitut- 
ing the recorded values for k”, A,, and S from Table 
II into Eq. 11. These three results were in excellent 
agreement as shown in the last column of Table I 
The average k, thus obtained wa 
culate the values of k, entered in Table II for run 
Nos. 9, 12, 13, and 19. The internal agreement within 
unusually good for work at this temperature 
noted that the rate at the slag 
faster than 


The specific rate constants, | 


run Nos 


then used to cal 


level It may be 
metal interface was four or five time 
the rate on graphite 

Effect of Temperature: The data at hand were not 
ufficient to obtain temperature coefficients for the 
lag-graphite rate constants inde 
available at 1430 
in which the 


lag-metal and 
pendently. } 

(2606°) and 1570°C (2858°F) for run 
lag graphite inte rface area 


Value of were 


lag-metal and , respec 
tively, were duplicated. It is not legitimate, how- 
ever, to derive an activation energy from these data 
because k, and k, are additive in k”, and it is not 
known whether or not the activation energies are 
the same for the reactions at the two different inte 
faces. All that can be concluded from these few 
therefore, is that the activation energie 
under 10 kcal per mol 


experiment 


appear to be low, perhap 


Observations on Slag Color and Metallic 

lron Content 
Slag everal percent of iron oxide 
were dark green 
pyres sively as the FeO wa 


containing 
in color. This color lightened pro 


reduced, and it approached 
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Dimensions of k” are ‘pet FeO) pe pet FeO 
t Dimensions of k, are g FeO pe f et nterface pet FeO = 
§ Dimensions of ire g FeO per of slag-# phite interface pet Feo 
by) 
he 
4 
% 
‘ 
d 
1 
Tweet 


/ Fig. 3—Log-log plots 
for estimating order 
of reaction, accord 
ing to Eq 8, are 
given 
2 ‘ 
20 
2 20 
’ 
? 466 ? 5466? 
a pale gray-blue as the reaction neared completion 
The slags cooled as clear glasse 
Metallic iron globules were found adhering to the 


crucible wall at the 
heat thie 
lias graphite 


end of each run. In slag-metal 
collected primarily at the gas- 


intersection and in 


vlobulk 
ufficient quantity 
ring around the 
ring of beads was le 


to form an almost continuou 


cible wall, The 


cru- 
pronounced 


in runs made with only a slag charge; the bead 
were smaller and tended to be distributed more 
evenly over the entire slag-graphite interface. No 


metal droplet 
ut the 
In contrast 


were observed in the body of the lag 
end of a run, but only next to the graphite 
have been found throughout 
transfer 


with high 


iron be ad 
conducted 
sulphur 


the slag in sulphur tudie 


in a metal 


imilar manner but 
and lag 

The iron bead 
collected 
run In every case, 
than the 
the FeO reduced from the slag, as 
Ill. The result 
of the bead 


ancies ranged from 


from the ring on top of the slays 
and weighed for four lag-metal 
the weight of the iron pellet 
weight of iron equivalent to 
shown in Table 
omewhat erratic because all 
could not be 


were 
was 


were 
recovered The di crep- 
10 to nearly 50 pet of the 
iron reduced. This can not all be 


dilution with carbon and 


swccounted for by 
or by contamina- 
tion with slag because an analytical check showed 
that the metal collected analyzed 92.0 pet Fe and 
about 4 pet graphitic carbon. The wash metal charges 
melted quietly under a slag cover, and no 
above the slag 


patte red 
iron was observed on the crucible 
line 

from these observations that the 
formed by reduction of FeO, and possibly some iron 
from the bath as well, was levitated to the slag sur- 
face, attached to or as a film around CO bubble 
us Originally described by Holbrook and Joseph. 
When the bubbles broke, the iron droplet 
on the surface and were small enough to be sup- 
ported by until they moved by gravity 
down the urface and came to rest at 
line. This 
erved during a run and, in fact 


It appears iron 


pre ad 


urface force 
convex slag 
process can be ob- 
uch newly released 
peared on a cold rod for 
with sulphur-transfer 


the crucible-slag-ga 


vlobul have been 


examination in connection 


Table II! Metallic tron Pellets Recovered from Slag 
be Equivalent Actual Weight of 
Run No te FeO Reduced, G Pellets Recovered, G 
40 46 
12 
40 5.1 
17 46 
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tudies.” This is an intrinsic feature of the reaction 


Discussion 
A complete interpretation of these results must 
account for the observed order of the reaction, rate 
constants, and iron bead phenomena in terms of a 
unique mechanism for the rate-controlling step in 
the proce This study was not complete enough to 
justify a definite conclusion, but 
may be discussed. For convenience, the data will be 
treated first from the viewpoint that a chemical 
reaction might be the rate-controlling step, and then 
othe will be presented. Comparisons 
will also be made with related work 
It has been pointed out already that the apparent 
econd order of the reaction with respect to the 
analyzed combined iron content of the slag, reported 
as FeO, is inconsistent with the reaction that is con- 
ventionally written as Eq. 4. The possibility was 
considered that this might be an autocatalytic first- 
orde! rate data for such reaction 


everal possibilities 


alternative 


reaction, as may 
econd order. A test, 
howed that the experimental points do 
not fit the pattern of an autocatalytic reaction, Al- 
though the data for some of the runs will fit a first- 
ordet plot 
tages of the reaction, the bulk of 
indicates that the propor- 
tional to about the second power of the iron concen- 
tration of the There is nothing to be 
by replacing measured concentrations by 
without independent 

One po 


be misinterpreted as indicating 
however, 


curve nearly as well as a second-order: 
during the early 
the evidence rates are 
gvained 


activities 


slag 


information on the activities 
that the slow tep 
in the reaction is the formation of an activated com- 
plex or intermediate product containing two mole- 
cules of FeO or, at least, two atom Several 
type of might be conjectured, but 
experimental verification is lacking 

Another possibility is that the true reactant is not 
molecular FeO, but a dissociation product 


FeO = Fe* + O* 


ible interpretation i 


of iron 
intermediates 


[12] 
where the asterisk is used to designate either atoms 
or ions in the slag available to participate in the 
reaction. On this basis, the reaction replacing Eq. 4 
would be 

Fe* + C+ Fe(l) 


CO(g). [13] 


The rate equation replacing Eq. 5 would then be- 
come 
dC, 


14 
dt 


A 
100 — Kee (Co*) (Co) 
S 
If the concentration of O* available to participate in 
the reaction were alway 
lyzed iron content, then Eq 
d Cre A 
dt S 
the product of k 
The latter 


reactions at 


proportional to the ana- 
14 would reduce to 


[15] 
where k,, is and a proportionality 


constant equation, modified for simul- 
both lag-metal and lag- 
graphite interfaces, would fit the experimental ob- 
Although this dissociation hypothesis i 
with the theory of slag 
constitution and the green color of the slag is indi- 
cative of the presence of ferrous ions, these few rate 
sufficient to prove an 
to contribute new knowledge 


taneous 


ervation 


compatible modern ionik 


measurements are neither 

ionic mechanism nor 

of slag structure 
Dancey,’ in his work on pure oxides, found that 


the reduction of FeO followed first-order kinetics 
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Fig. 4—Plots are 
shown for estimating 
k” im accordance 
with Eq. 9 


(OO gr fe 
wow 


z 


for the first 80 pct of the reaction, and the reduction 
of Fe,O, was first-order for the first 30 pet He also 
obtained much faster reaction rates as well as higher 
temperature coefficients than the authors’ data indi 
cate. Dancey’s results are not necessarily in conflict 
with those reported here for silicate slags of rela- 
tively low FeO content. The structure of liquid FeO 
is different from that of silicate slags, a indicated 
by electrical properties. In binary iron silicate me It 
nearly pure FeO containing less than 10 pet SiO 
conducts primarily by electron flow, but slags con 
taining more than 34 pct SiO, conduct principally 
by ionic transport.” Lime- ilica-alumina slags of the 
type used in this study are also ionic conductor 
and are therefore structurally dissimilar to pur 
FeO. In addition, in Dancey’s work, at least with 
respect to FeO, the activity of the oxide presumably 
remained constant but the amount decrea ed, while 
in the authors’ work the concentration of the re- 
actant changed continuously. A difference in kineti 
behavior is, therefore, not surprising 

According to reaction rat theory, the intrinsi« 
rate of a chemical reaction would be expected to be 
high at the temperature level of these experim« nt 
and the possibility should be con idered that some 
other process may be the rate-controlling step. It 
has been shown" that diffusion of a reactant through 
a stagnant interface film offers a plausible explana 
tion for the slowness of some steelmaking reaction 
However, the solution of the diffusion equation fo! 
a plane interface film leads to a fi st-order depend 
ence on the concentration of the diffusing specie 
Explanation of the observed second order by a 
imple diffusion process at the slag-metal interface 


seems to require a dissociation hypothesis again, 
with the further assumptions that Fe* and O° diffuse 
independently of one anothe! through the film and 
that the reaction rate 1s determined by the product 
of their separate rates ol arrival at the reaction 
interface. A considerable amount of elaboration 
would be necessary to make this interpretation con- 
vincing. Furthermore, diffusion does not offer a 
satisfactory explanation fot related phenomena 
such as the observed’ effects of alloying element 
on the rate of sulphur transfer. Diffusion control 
does not provide an obvious interpretation of the 
data. although it is consistent with the apparent low 
temperature coefficient 

Some consideration should be given to nut leation 
as a possible rate-limiting facto! and also as a way 
of accounting for the difference in rate constant 
between the slag-metal and slag-graphite inter- 
faces. The difficulty of nucleating a ga bubble ha 
often been suggested as an explanation for the slow- 
ne of reactions involving the formation of CO in 
metal or slag. If this were the case In this proce 
it would be expected that the reaction would be 
faster on the graphite surface than at the slag-metal 
interface because bubble nuclei co ild be retained in 
crevices in the graphite. The actual rates were In 
the reverse order. Furthermore, in the late stages 
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of the reaction, both in this work and in desulphut 
ization studies, it has always been observed that 
bubbles rise preferentially from the central portion 
of the crucible, not adjacent to the wall. It must be 
concluded. therefore, either that CO nucleates more 
readily at the slag-metal interface than on graphite 
or that nucleation of CO is not a limiting factor In 
the process 

It might be argued that the reaction rate Is fastet 
at the slag-metal interface because a liquid iron 
phase already exists there. In contrast, the metal 
phase must be nucleated on the graphite; and once 
a few droplets have formed, the reaction might con 
tinue preferentially on these so that the effective 
area associated with the lag-graphite interface | 
much le than the geometric area. This argument 
however, is difficult to reconcile with the observa 
tion that the iron resulting from the slag-metal 
reaction does not join the bulk metal phase but rise 
to the surface attached to CO bubbles 

A tentative hypothesis to explain some of the 
puzzling features of the proce has been suggested 
in part by the spreading of iron droplets at the sul 
face of the lag. This indicates that the interfacial 
free energies may be such that minimum surface 
free energy results if a slag-gas interface Is replaced 
by lag-metal and metal-ga interface Suppose 
that a CO bubble forms, under sufficient supe 
aturation of the metal with oxygen, ator Ju t below 
the slag-metal interface, and that the bubble is im 
mediately covered by a film of iron to ae hieve mini 
mum surface free energy. The bubble then break 
away after it has grown to ufficient size, carrying 
its film with it. Reaction between FeO in the slag 
and CO in the bubble can continue a the bubble 
rises until the CO,/CO ratio in the bubble approache 
equilibrium with the local FeO content of the slag 
adjacent to the bubble or until the bubble bursts at 
the top of the slag. This would account for the fact 
that the iron accumulated in the ring around the 
lag surface equals or exceeds the amount formed 
by reduction of FeO and for the fact that iron bead: 
recovered during sulphur transfer are not saturated 
with carbon It is also consistent with the observed 
effect of pressure on desulphurization, which seem: 
to require reduction by CO in rising bubbles rather 
than by carbon alone 

This hypothesis of reaction on rising bubbles offer: 
a further advantage in terms of reaction mee hanism 
Eq. 4 demands that reaction occul between slag and 
metal (or graphite) to form ga and metal. This re 
quires a minimum of three phases in contact, and 
uch contact can occur only along a line. On 4@ rising 
bubble covered by an iron film, however, the mech 
anism could become one of surface and volume re 
actions in series, as follow 1—Oxyzen from the 
lag dissolves in iron at the oute! urface of the film 
29_Oxygen moves through the film by diffusion o1 
convection. 3—Reaction between O and CO take 
place at the inner surface of the film. Reaction init 
ating at the slag-metal inte rface could be accounted 
for by liquid-liquid and ga liquid process¢ while 
reaction starting on graphite would be more comph- 
cated, at least in the initial stage 

It is not obvious how the order of the reaction 
might be accounted for in this mechanism The rate 
of nucleation of CO at the interface might be pro 
portional to the FeO or ferrous ton content of the 
lag, and the rate of reaction on the bubble, after it 
has formed, might also be proportional to th 


ame concentration because of diffusion of other 
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A considerable amount of mathematical! 
development would be required to demonstrate the 


resultant apparent order of reaction, and it seems 
unlikely that it would be integral. The scatter of the 
observed order about the value of two may be real, 
but the evidence is not strong enough to prove this 
mechanism over other alternatives 

This hypothesis of reaction on bubbles is highly 
peculative It rest umptions that 
must be substantiated or disproved by measurements 
of interfacial free energies and by additional experi- 
itself to develop further in- 
alloying ele- 

It is hoped 
relevant experiments may be 


largely on a 


ments on the proce 


formation on the effects of pressure 
ments, and changes in slag composition 
that result 


reported in the near future 


of sore 
The specific rate constants reported here have 
been calculated for the geometric areas of quiet 
at metal and graphite because it is 
ible to make any quantitative esti- 


plane interface 
obviously in po 
mations of the effects of bubbles on interface areas 
All that can be said is that the results 
are reproducible for the particular geometries stud- 
ied. The apparent order of the reaction might possi- 
bly be related to a dependence of the effective inter- 
on the rate of bubble 


or turbulence 


face area or film thickne 
formation, which in turn might be proportional to 
the FeO content of the slag. The role of bubbles in 
the reaction mechanism may be investigated by in- 
troducing bubbles of CO or of inert gas, from an 
ource, above and below the slag-metal in- 
uch experiments have been initiated 


external 
terface, and 

The authors 
tation or combination of those that have been pre- 
ented because a final conclusion cannot be sup- 
ported by the limited information available at this 
time. A rather extensive discussion has been thought 
justified, in view of the current interest in the mech- 
anism of slag-metal reactions, to point out the 
weaknesses and failings of some of the alternatives 
that have been advanced from time to time in pa- 
pers and discussions 


do not advocate any single interpre- 


Relation to Sulphur Transfer: The numerical val- 
ues of the rate constants for iron oxide reduction at 
the slag-metal interface are of about the same order 
rate constants that have been meas- 
A direct comparison is 
; of the reac- 


of magnitude as 
ured for 
not useful, however, because the order 
tions, and hence the dimensions of the constants, are 
not the same. The picture is further complicated by 
the fact that iron oxide reduction occurs at the cru- 
at the slag-metal interface. A 
shown that the experiments are 
mutually consistent on a qualitative basis. The meas- 


ulphur transfer 


cible wall as well as 
trial calculation ha 


ured rates of iron oxide reduction account for a 
maximum in the iron content of the slag during de- 
julphurization at about the time and iron level ob- 
erved.” The data on iron maxima are not consistent 
enough among them elves to warrant any more 
quantitative conclusion 

The differences in iron bead behavior between 
plain FeO reduction and sulphur transfer experi- 
ments can probably be accounted for by surface ten- 
sion effects. Boni” has shown that sulphur lowers the 
surface tension of slags relative to argon. The effect 
of slag and metal 
metal in- 


of sulphur on the surface tensions 
relative to carbon monoxide and on slag 
terfacial tension is unknown, but it is probably great 
enough to diminish the maximum size of iron drop- 
let that can be supported stably at the slag surface, 


so that most of the iron falls back through the slag 
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Other common features of FeO reduction and sul- 
phur transfer have been considered earlier in the 
discussion 

Summary 

Reaction rates have been measured for the reduc- 
tion of FeO from a lime-silica-alumina slag over 
carbon-saturated iron in graphite crucibles. The ini- 
tial FeO concentrations were under 5 pct in a base 

lag composition of 46 to 47 pct CaO, 38 to 39 pct 
510,, 15 to 16 pet ALO, 

The reaction rate was found to be proportional to 
about the second power of the analyzed iron content 
of the slag. Two rate constants were obtained fo! 

imultaneous reactions at the slag-metal and slag- 
graphite interfaces. Values for these constants at 
1430 °C (2606°F) were k 0.00058 g FeO per 
(min) (sq em) (pet FeO)’ at the metal and k 
0.00012 (same dimensions) at the graphite. The tem- 
perature coefficient was not measured independently 
for the two reactions, but the net effect of a 140°C 
rise in temperature was small 

Iron droplets rose to the surface of the slag with 
gas bubbles and collected in a ring adjacent to the 
crucible wall in amount equal to or greater than 
the weight of iron calculated from FeO reduction, in 
those runs with both slag and metal. When only slag 
was present in the crucible, the iron beads were 
more evenly distributed over the entire crucible wall 
and were smaller in size and total amount 

It is not possible to deduce a reaction mechanism 
to interpret the observations on the basis of these 
experiments alone, but several alternatives have 
been discussed in terms of intermediate reaction 
products, dissociation of FeO in the slag, diffusion, 
nucleation of gas or metal, and surface phenomena 
leading to reaction through iron films on rising bub- 
bles of CO in the slag 

The rate of reduction of FeO in the absence of 
sulphur is qualitatively consistent with the part that 
this reaction is believed to play in the desulphuriza- 
tion of iron by slags under similar experimental 
conditions 
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Steelmakers to Visit Armco’s Middletown Plant; 


Hear Reid on Hoover Commission Report 


at Conferences in Cincinnati 


Features of the 39th Blast Furnace, Coke Oven, 
and Raw Materials and National Open Hearth Con- 
ferences to be held April 9, 10, and 11 in Cincinnati 
will be Middletown, Ohio 
Armco Steel Corp. and a talk on “You and the 
Hoover Commission” to be given at the Annual 
Fellowship Dinner on April 10 by Thomas R. Reid 
Director of Civie Affau Ford Motor Co., Dearborn 

Marsh, Assistant Manager of Research, Bethle- 


will serve as toastmaster at the dinnet 


plant of 


a visit to the 


Charter buse¢ will leave the Netherland Plaza 
Hotel, Cincinnati, at 9:00 am, Wednesday, April 11, 
for the Armco plant and will return by 4:00 pm 
Luncheon will be served, with the compliments of 
Armeo Steel, at the Hotel Manchester, Middletown 
There is a charge of $3.00 by the Blast Furnace, 
Coke Oven, and Raw Materials and National Open 
Hearth Committees to help defray the plant trip 
transportation costs and other nontechnical confer- 
ence expense Registrants are requested not to use 
rivate Cal r this trip, since private cars will not 
be allowed at the plant 

Registration fee for either the Blast Furnace, Coke 
National Open Hearth 


include a COpy ¢ 


Oven, and Raw Materials o1 
Conference is $7.00 
respective Proceeding vhen published. There 
of the ‘ 


the “in a Copy f the Pro 


be no registration fee for students at any 


unle 
eeding Upon pre itation f the 
cards, AIME membe1 entitled to a $2.00 reduc 
tion in the re tri 


The comn 


membel! hip 


te 


ade 


Nether! 


Rese 


LOCAL SECTION 
CHAIRMAN 


H. P. Gaw, Armco 
Steel Corp, heads 
the Local Committee 
for Arrangements, 
1956 AIME National 
Open Hearth Steel 
Conference. See the 
preliminary program 
of this and the Blast 
Furnace, Coke Oven, 
and Raw Materials 
Conterences, p. 358 


hotel of When mak- 
ing reservations be sure to mention the Blast Fur 
nace, Coke Oven, and Raw Materials o1 
Open Hearth Conferences of AIME, as well as the 


proposed time of arrival 


youl choice a“ oon a po ible 


National 


program on pare 358 li topi 
cheduled 


for both conference the complete program will be 


The preliminary 
if interest to be covered at the session 
mailed in March. There are sessions for operating 
men, repair and maintenance men, metallurgist 
observers, and 
better, 


connected 


ceramic and refractory enginee! 
other 


and cheaper steel, in any 


interested in the production of more 
of the problem 
vith the reduction of iron ore in the blast furnace 
and in coke plant practice Make plans now to at- 
tend the Blast Furnace, Coke Oven, and Raw Mate- 
National Open Hearth Conferences at the 
April 9, 10, 


rials and 
Netherland Plaza Hotel 


and 11 


Cincinnati 
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for both conference assure that 
Gm hotel facilities will be provided at the 
| 
MEM and Plaza Hotel and other Cincinnati hotel es 
Ee rvations at any of the hotels for blocks of room 
assigned to th meeting, howeve! will not be held i 
afte! Ap! 11 and Ingiie roor are limited There- 
fore. hotel reservatior hould be ent directly to the P| oh 
357 
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Preliminary Program of 
Furnace. Coke Oven, 


SUNDAY, APRIL 8 | 


3 to 9 pm 
Registration 


MONDAY, APRIL 9 


Bam to 5 pm 
Registration 


9.30 am 


Sizing and Sintering of Ores Session: 
Welcoming remarks; design and operation of 
No. 3 sinter strand at Jones and Laughlin Steel 
Co.'s Benson Mines; operating features of the 
Hamilton sinter plant; ore preparation plant of 
Steel Co. of Wales Ltd.; Weirton Steel Co.’s new 
8-ft wide iron ore sintering plant 


2:00 pm 
Blast Furnace Operations Session: 
High sinter burdens; new high-grade iron ores 
and agglomerates and their effect on coke rates; 
burdening a blast furnace for minimum costs; 
comparison of blast furnace penetration with 
model studies. 


TUESDAY, APRIL 10 


8 am to 5 pm 
Registration 


9.30 am 


Joint Session—Desulfurization of Hot Metal: 
Application of theoretical principles of desul- 
furization to iron and steelmaking; use of cyan- 
amid in hot metal ladles; the desulfurization of 
molten iron; carbide desulfurization 


9:30 am 
Coal and Coke Session: 
Pilot-scale coke ovens—-development and opera- 
tion; new pressure-recording 18-in. test oven; 
study of pressure relationships in commercial 
coke ovens; experimental blast furnace opera- 
tion with anthracite 


12:30 pm 
Luncheon Meeting 
Everyone attending the Blast Furnace, Coke 
Oven, and Raw Materials Conference sessions 
is invited to attend this luncheon and annual 
business meeting 


2:00 pm 
Ore Mining and Dock Operations Session: 
U. S. Steel Corp., Fairless Works, dock opera- 
tions; underground mining; iron ore unlimited 
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2:00 pm 


Research and Development on Sintering Session: 
Mechanism of iron ore sintering; methods of 
pilot-scale experiments in sintering; plant-scale 
sintering experiments; agglomeration of iron 
ores and concentrates at Extaca 


Reception 
6:30 pm 


7:00 pm 


Annual Fellowship Dinner 
Speaker: Thomas R. Reid, Director of Civi« 
Affairs, Ford Motor Co., Dearborn. Subject 
“You and the Hoover Commission Report.” 
Toastmaster: J. S. Marsh, Assistant Manager of 
Research, Bethlehem Steel Co., Bethlehem, Pa 


WEDNESDAY, APRIL 11 


8 am to 4 pm 


Registration 


9:00 am 
Plant Trip 


Preliminary Program of 
Yational Open Hearth 
Steel Conference 


SUNDAY, APRIL 8 


3 to 9 pm 
Registration 


MONDAY, APRIL 9 


8 am to 5pm 
Registration 


10.00 am 
General Session: 
Welcoming remarks; announcements; McKune 
Award pape! 


10:30 am 
Basic Operations Session: 
Observations on European operations; statistical 
quality control methods in open hearth steel- 
making: foreign charge ores and their effect on 
production; use of roof-mounted oxygen jet for 
decarburization 


10:30 am 
Acid Operations Session: 
Use of natural gas to atomize heavy oil in the 
acid open hearth; an evaluation of hydrogen 
sampling techniques for liquid steel 


12:30 pm 
Physical Chemistry of Steelmaking “- ‘ee 
Luncheon 


|: | 
_—_< 


2:00 pm 
Refractories and Masonry Session: 
Personal impressions of European refractories 
and practice progre on use of basic brick 
checker! practices affecting refractories’ per- 
formance pecial roof brick trials; bottom con- 


struction and maintenance 


2:00 pm 
Operating Metallurgy Session: 
Report on European trip; steels with low hy- 
drogen contents: influence of ingot thickness on 


deep-drawing steels 


TUESDAY, APRIL 10 


8 am to 5 pm 
Registration 


9:30 am 
Joint Session—Desulfurization of Hot Metal: 
Application of theoretical principles of desul- 
furization to iron and steelmaking; use of cyan- 
amid in hot metal ladle the desulfurization of 
molten iron; carbide desulfurization 


9:30 am 
Cold Metal and Basic Foundry Practice Session: 
Desulfurization of cupola metal for use in open 
hearth; optimum operating conditions and de- 
ign for maximum roof life; economics of use 
of pig iron in cold metal heats; use of electronic 
direct reading analyzers in steelmaking; effec- 


tive ladle deoxidation on steel cleanliness 


2:00 pm 
Operating and Combustion Session: 


Combustion of liquid fuels in open hearth fur- 
naces; continuous waste gas analysis; automatic 
control of air supply based on these analyses; 
efficient utilization of high percentage of gase- 
ous fuel in combination with liquid fuels; best 
methods of automatic reversals; benefits de- 
rived from automatic reversals automatic 
steam, fuel ratio; roof temperature control 


installations 


6:30 pm 
Reception 


7:00 pm 
Annual Fellowship Dinner 
Speaker: Thomas R. Reid, Director of Civic 
Affairs, Ford Motor Co., Dearborn Subject 
“You and the Hoover Commission Report.” 
Toastmaster: J. S. Marsh, Assistant Manager of 
Research, Bethlehem Steel Co., Bethlehem, Pa 


WEDNESDAY, APRIL 11 


8 am to 4 pm 
Registration 


9:00 am 
Plant Trip 


will be the usual round of 


Tenth AIME New England Conference Planned social activities 


The 10th Annual AIME New Eng 


neering Concepts in the Deformation 


The Salt Lake City meeting will 


land Regional Conference will be 
held Apr. 20 to 21, 1956, at the Wav 
erly Inn, Cheshire, Conn. A full 
program consisting ol technical se 
ions, plant trips, and a conference 
dinner has been planned 

A Metal Science session on the 
metallurgical aspects of plasti 
working will be held on Friday 
morning, April 20. Bruce Chalmers, 
of Harvard University, Cambridge, 
Ma will speak on the “Funda 
mentals of Deformation in Metals” 
and W. R. Hibbard, Jr., General 
Electric Co., Schenectady, will dis- 
cuss “Deformation of Polycrystalline 
Metals.” A third paper on “Charac 
teristics of Wrought Metal” will also 
be scheduled 

Plant trips are scheduled for the 
afternoon, with a choice offered of 
Landers, Frary, and Clark, New 
jritain, or Scovill Manufacturing 
Co., Waterbury. At Landers, Frary, 
and Clark, those attending the con- 
ference will see an automatic pro- 
duction line for percolators, with 
emphasis on connected production 
techniques. Continuous casting with 
automatic sheet metal will be dem- 
onstrated at Scovill Manufacturing 
Co. The plant trips will be followed 
by a social hour and conference din 
ner at the Waverly Inr 

A technical session on “New Engi 


of Metals” will be held on Saturday 
morning. Dr. Paul Loewenstein of 
Nuclear Metals Corp. will give a 
paper on Lubrication and Hot 
Working of Reactive Metals” to be 
followed by two other related pa 
pers. After lunch, the Conference 
Committee will hold its annual 
meeting, open to all members of the 
New England Regional Section 

For those attending the Confer 
ence from a distance, overnight 
accommodations are available’ in 
motels near Cheshire and hotel res 
ervations can also be made in New 
Haven or in Waterbury. All reser 
vations should be made directly to 
the hotels and motels 


Rocky Mountain 
Minerals Conference 


The 3rd Rocky Mountain Minerals 
Conference will be held September 
26, 27, and 28 at the Newhouse Hotel, 
Salt Lake City 

R. C. Cole, general chairman for 
the conference, will be assisted by 
A. J. Thuli, Jr 

Technical papers will be presented 
from all branches of the Institute, 
and several interesting field trip: 
are planned. Special attention will 
be given to the ladies’ program and 


precede the American Mining Con 
gress Convention in Los Angeles, 
making it possible for members to 
attend both events 


Diamond 


Powder 


Compound 


bradem 


Send for complete Data 


WHITTAKER 
CLARK & 
DANIELS, Ine 
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Photo Report: 


Electric Furnace 
Steel Conference 


December 1955 


Left to right: C. E. Sims, Con 
ference chairman; C. F. Staley, 
chairman of the Electric Fur 
nace Steel Executive Commit 
tee; E. J. Hanley, president of 
Allegheny Ludlum Steel Corp 
who spoke at the annual dinner; 
and A. W. Thornton, U § 
Steel Corp, who served as 
toastmaster at the dinner 


W. C. Beck, metallurgist at 
Allegheny Ludlum Steel to 
gether with part of the EFS 
plant tour group 


Part of the crowd at the Elec 
tric Furnace Steel Conference 
annual dinner. Featured speaker 
wos E. J. Hanley 


| 
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Ley, Rocket Expert, 
To Speak At AIME 
Regional Meeting 


Willy Ley, noted rocket expert 
will be the principal speaker at the 
conference dinner of the AIME Re- 
gional Reactive Metals Conference. 
Tuesday evening, March 20, at the 
Hotel Statler, Buffalo. Mr. Ley’s sub 
ject will be “The Conquest of Near 
by Space.” He will discuss the vari 
ous proposals that have been made 
during the last several years for the 
launching of artificial satellites 
These include direct launching from 
the ground, balloon launching, and 
launching from a jet bomber. Metal 
lurgy will play a part in the solution 
of the re-entry problem—re-entry 
into the earth’s atmosphere 

For the last ten year Willy Ley 
has advocated a program of artificial 
satellite He was born in Berlin, 
Germany, in 1906, and studied at the 
and Koenig 
berg, concentrating on paleontology 
and phys He 


Universiti« of 


astronomy became 


interested in the rockets early in hi 
career, and in 1927 he took a leading 
part in founding the German Rocket 


Society. From that time on, his in 
terest in rockets has been alternately 
hi profession and hi hobby, de 
pending on the circumstance 

Willy Ley left Germany in 1935 
United State He 
ha erved a mience editor for a 
New York newspaper, research en 
gineer for the Washington, D. C., In 
titute of Technology, and consultant 


and came to the 


to the Office ef Technical Service 
of the Dept. of Commerce. Mr. Ley 
ha been a contributor to many 
cientific and popular publication 
and has authored a number of book 
including The Conque t of Space 
and Rocket Missile and Space 


Travel Mr Le yi a fellow of the 
Interplanetary Society, a 
American ket 
Society, the Institute of the Ac ronau 
tical Science the Society of Ameri 
can Military Enginee the Ameri- 
can Assn. for the Advancement of 
Science, and the Royal Astronomical 


Society of Canada 


sritisl 


member of the 


A complete program for the tech 
nical eeting cheduled for Mar 
19 through 21, 1956 at Hotel Statler, 
juffalo, featuring the melting, fabri 


cation, application, and research on 
reactive metals wa given in the Feb- 
ruary issue of JOURNAL OF METALS 
This is the first meeting of its kind 
anywhere on reactive metal The 
ubstance of discussion is of signifi- 


cant interest to engineer metallur- 


gist operator research worker 
educator! and student special 
feature will be a panel discussion on 


Reactive Metals in Atomic Energy,” 
to be held on Monday evening of the 
conference. The present and future 
of reactive metals will be discussed 


Metals Research 


Plant 


visit to 


Among the AIME members of the Niagara Frontier Section who have been active in 
making arrangements for the Regional Reactive Metals Conference to be held in 
Buffalo, March 19 through 21, are, from left to right: GB. Michie, F. J. Shortsleeve, 
C. W. Hart, C. W. F. Jacobs, R. P. Graham, H. A. Koegler, D. C. Hilty, D. L. Clark, 
G. L. Cox, L. W. Smith, R. W. Fountain, and R. K. Kulp 


Electro Metallurgi- 


Laboratorie« of 


cal Co., Niagara Falls, N. Y., and to 
Cornell Aeronautical Laboratories, 
Buffalo, will be featured on Wedne 

day. Bus transportation will be pro 


vided and lunch will be erved at 
the Buffalo Trap and Field Club 

An exhibit by producers of tita 
niun columbiun zirconiun and 
other reactive metals, of borides and 
mill products, and by manufacturer 
of optical laboratory equipme nt will 


New College Named 
For Harvey S. Mudd 


A new 
pha basi 
neering will bear the name of the 
late Harvey Seeley Mudd Lo 
Angele mining engineer and civic 
leader This college will be estab 
lished at Claremont, Calif William 
W. Clary, chairman of the Board of 
Fellows of Claremont College, ha 
announced 

For three decade prior to his 
death in April 1955, Mr. Mudd wa 
active in the development of the 
group plan of colleges at Claremont 
having served as chairman of the 
board of Claremont College, central 
coordinating institution, for 18 year 
and as a trustee for 29 year Mr 
Mudd’s father was that board's first 
chairman. Mr Harvey Mudd is a 
trustee of Claremont College, a l 
their son, Henry T. Mudd 
erves on the board of Claremont 
Men College 

Harve Mudd 
Southern California for hi 
in many fields. He was the principal 
founder of the Southern California 
Symphony Assn., was a director of 
the Hospital of the Good Samaritan 
a member of the Advisory Board of 
the Huntington Library, head of the 
Los Angeles War Chest in 1943, and 
Commu 


college of liberal arts em 


qience and engi 


who also 


remembered in 


activities 


campaign manager of the 
nity Chest in 1947 

As a mining engineer, Mr 
many 


Mudd 


received award and wa 4 


be held on the 17th floor of Hotel 
Statler during the conference 

The registration fee for attendance 
at the conference is $5 for AIME 
members, $7 for nonmembers. Ad- 
vance registration can be made by 
writing to D. L. Clark, Regional Re- 
Metals Conference AIME, 155 
Franklin Street, Buffalo 2, N. Y 

Hotel reservations should be made 
directly with Hotel Statler or other 
Buffalo hotel 


active 


Director, Vice President, and Presi 
dent (1945) of the AIME. In 1948 he 
vas awarded the Egleston Medal of 
Columbia University 


Centenary in Germany 


Verein Deutscher Ingenieure will 


hold it centenary celebration in 
Jerlin, May 12 through 15. Clyde 
William Jattelle Memorial Insti 
tute Columbu Ohio and Max 
Hansen president of Deutsche 


Gesellschaft Frankfurt, Germany, 
vill represent AIME at the celebra 
tion. Among the features planned 
for the program are talks on natural 
cience and technology, man and his 


technology ocial effects of technol 


ogy, the law of survival, and tech 
nological trend Several lecture 
eri have been scheduled on re 


earch and development—uincluding 


papers on power problems, with par 

ticular emphasi on atomic fission, 
and on the influence of the material 
on the development of processing 
technique design and construction, 
man and economy, and manufacture 

including papers on principles of 
fabrication iaterials handling, and 
the progre of automation 

During the celebration variou 
ocial events are planned: a Berlin 


evening in the enhall 


Ostpreu 


ind a festival performance in the 


hiller Theate There will be op 
portunitie for ghitseeing and tour 
of the Variou ecto! of 
There will also be special entertain 


ments planned for the wives of the 


delegates attending 
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Included in the chart for 1956 esti 
mated income are appropriations from 
special tunds—specific endowments 
and other funds of the Institute plus 
a part of the Metals Branch publica 
tions tund—which will be applied to 
special projects) Miscellaneous income 
includes that from book and pamphlet 
sales, dividends, and interest 


The total income of AIME for 1955 
was $778,842, an increase of $95,269 
over the previous year. Membership 
fees accounted for 55 pet of the total, 
advertising for 29 pet. Publications 
sales and miscellaneous income came 
to about 13 pet of the total 

It is of interest to note that the 
Metals Branch Research Fund for 
1955 was $23,184 as compared to 
$7,150 for 1954. Appropriations from 
this special fund make possible the 
publication of additional Transac- 


1955 AIME Income and Expenses Are Totaled 


EXPENSE 


Among the special projects, income 
for which is provided through special 
funds, are the survey for location of a 
new engineering building, the long 
range planning committee, awards 
and honors, the Engineering Societies 
Library, appropriations for EJC and 
ECPD, and student assistance. Most 
special funds are for specified projects 


to the JouRNAL OF METALS 


In 1955 publications accounted for 
about 49 pet of the total expendi- 
Division and Branch expenses 
for about 10 pet, and Local Sections 
for 4 pet, the balance under admin- 


ture, 


istrative and institute activities 
diagrams showing out 
income 


available to 


Previously, 
standing items of 
pense have been 
AIME member on request 
these items of the yearly 


and ex- 
any 
Because 
budget are 
of general interest to members, ap- 


* The data in this column were obtained by 
26.548, the number of members enrolled as of 
2425 Student Assa« 


lates 


tions material in the field of metal- propriations for 1956 are presented 
lurgy, published in the supplements graphically here 
AIME Income and Expenses, 1955 
Total Amount Per Number” Pct of Total 
INCOME 
From Members Pees 
1 Due $405,422 $15.19 518 
2 Initiation fees 90,737 1.16 40 
from Publications 
' Advertising 227,588 8.57 292 
‘4 ale 28.02% 1.06 164 
4, Petroleu tatistics vol 13.431 0.51 17 
Irae tlor 12,872 1.24 42 
7 Miscellaneou sles 15.326 0.58 2.0 
Other Income 
M ranch Kesearch Fund 23,184 0 87 
” Dividends and interest 1.009 0.07 02 
10 Miscellaneou 2.349 0.09 0.3 
Tetal $778,842 $20 34 
PAPENSE 
Membership Services 
11 Local Sectior $29 401 $1.11 18 
12 1 Branche 71,977 2.71 9.34 
Institute Activities 1.52 52 
Engineering Library 7,638 029 1.0 
Vublications 
Journa 377,194 1421 4487 
ia Transactions 26.001 0.98 
17 Petroleu Statistics 21,180 0.80 7 
18 Miscellaneou 12,708 0.48 17 
Cleneral and Administrative 
iv Secreta Office 9,971 2.26 7.8 
20 Bu ‘ Office 74,4829 2.82 9.7 
21 Ver and benefits 23.217 0.88 10 
22 Depre ition 9.04) 0.37 13 
23 Directory 11,304 0.43 1.5 
24) Miscellaneous 8.170 0.31 1.1 
Tetal 774,199 $209 16 


dividing the amounts in the “Total 
Dec 11, 1955. This membership figure 


column by 
includes 
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F. WESTON STARRATT 


F. Weston Starratt Joins 
Editorial Staff 


The new assistant editor of Jour- 


F. Weston Starratt, 


NAL OF 
Jr., originally hails from the West 
Coast where he studied process met- 


Berkeley campus of 
California. Al- 
in the San 


ince 


allurgy on the 
the University of 
though born and raised 
Francisco Bay area, he ha 
spent much of his time in the east- 
ern U.S. and in Europe, commencing 
with military service, which at 
War’s end, found him with the Third 
Army on the Czechoslovakian bor- 


der. Wes returned to college in June 
1946, spending the next few sum- 
mers working at the old Ironton, 
Utah, plant of Columbia-Geneva 
Steel. After receiving a B.S. in met- 


allurgy, he came to New York where 
he worked for his M.A. in economics 
at Columbia University. Returning 
to Europe—this time as a civilian 

he took a position with the U. S 


High Commission for Germany in 
Frankfurt. There Wes found himself 
in the IG Farben Bldg. writing re- 


ports on the German heavy industry 
and taking occasional office trips to 
the Ruhr or week-end jaunts to the 
Bavarian Alps. The next move was 


to Switzerland, more Alps, and the 
august palace of the United Nations 
on the shores of Lake Geneva. There 
Wes, who speaks French and Ger- 
man, worked for the Steel Commit 
tee of the Economic Commission for 


preparing documents for 
committee sessions. Wes returned to 
the States late in 1954 to take a 
position in the commercial research 
teel export firm 


Europe 


division of a large 


New Student Chapter 
At Texas A&M 


Chapter of the 
recognized, the 


A new Student 
AIME has been 
Geology Club of the A & M College 
of Texas, College Station. The school 
has ECPD accredited curricula in 
Geological and Petroleum Engineer- 
ing. Paul Weaver is Faculty Sponsor 


~ 
© 45% 
= : 


Engineering Societies Back Biggest Nuclear Conclave 
AIME Makes Major Contribution to Program 


Cutting squarely across the chosen 
areas of the nine member bodies of 
Engineers Joint Council and 17 
affiliated groups more than 223 tech- 
nical papers presented the greatest 
aggregate of nuclear technology yet 
heard in this country, in Cleveland, 
December 12-16, at the Nuclear En 
gineering and Science Congres 
Simultaneously the 1955 Internation 
al Atomic Exposition displayed the 
wares of 176 commercial enterprises 
(16 foreign) to 14,000 scientific, en 
gineering and casual visitors includ 
ing college and high school students 
from which the next generation of 
nuclear scientists and engineers must 
be recruited 


Technical Sessions 

Some 23 papers were presented 
under the sponsorship of AIME. In 
addition, to these papers on the 
metal physic aspects of Nuclear 
Metallurgy, AIME papers were also 
given on the extractive metallurgy 
of uranium ores. It is planned to 
publish several of these papers in 
the May issue of JouRNAL OF METALS 

Most of the papers presented at 


Thorndike Saville, president of Engineers Joint Council and dean of the College of 


che mcemne were preprinted at cost Engineering, New York University welcomes John R. Dunning, Columbia University; 
for the Congre by the American L. L. Strauss, chairman of the Atomic Energy Commission; and Joseph L. Barker, 
Institute of Che mical Engineer , and president of ASME at the all-Congress dinner 
were sold at the Congre for 30¢ per 
preprint. Preprints can be obtained Strauss, Chairman of the Atomic En four times greater, we are losing the 
from AIChE, 25 West 45th St.. New ergy Commission. After reading a race to the Soviet Union M4 
York 36, N. Y pecial message from President Ei A Conference for Management, 
Working with the Engineers Joint enhower to the Nuclear Congress, ponsored by the Cleveland Engi 
Council Program Committee in ob Mr. Strauss described the possibility neering Society, was held on Thurs- 
taining the AIME papers were AIME of forfeiting our newly found trea day evening. Many of the cooperat f 
members, D. W. Lillie, D. H. Gurin ure, unless we are able to develop a ing societies held special meetings, 
sky, Frank Foote, and W. R Opi reservoir of scientific and engineer luncheons, or dinners The Cleve 
Heading the list of special event ing talent to carry on nuclear re land Section of AIME sponsored a ‘ 
wa the all-Congre Dinner on earch. With only some 500 scientific luncheon on Thursday, December 15, i 
Wednesday, December 14. Speaker graduates trained in nuclear tech for members attending the Nuclear 
for the occasion was Admiral Lewis nology per year and a need three or Congre Harry B. Osborn of Ohio 


Crankshaft Co. served as Toastmas- 
ter and Secretary Ernest Kirkendall 
poke briefly on present AIME plans 

Chairman of the General Commit 
tee sponsoring the Nuclear Congress 
was Dean John R. Dunning of Co- 
lumbia University. AIME represen 
tative on this Committee was J. H 
Frye, Jr. of OakRidge National Lab 
oratory The Program Committee 
was headed by an AIME member, 
Donald L. Katz, Chairman of the 
Dept. of Chemical and Metallurgical 
Engineering, University of Michigan 
Chairman of the Publications Com 
mittee was Stanley Tucker, Adver 
tising Director of AIME. Much of 
the Credit for the success of the 
Nuclear Congre goes to hard-work 
ing F. Paul Lange, Secretary of the 
Engineers Joint Council, who coordi 
nated the arrangements made by the 
26 cooperating societies Local ar 
rangement were handled by the 
Cleveland Engineering Society 


Kids get in the spirit at one of 
the exhibits set up for the more 
than 14,000 exposition visitors 
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METALS BRANCH 
MEMBERSHIP DRIVE 


The result of our membership 
campaign in 1955 are gratifying and 
we have been able to strengthen the 
Institute and revitalize it by obtain- 
ing Student Members and Junior 
Member in larger number than 
heretofore. Growth of approximately 
20 pet in the last two years is proof 
that when all of the members of our 
Institute apply themselves to a pur 
pose, they ucceed 

We need each and every one of 
the members of the Institute to cast 
about them for people interested in 
the extractive industries, not only as 
engineer but in associated func 
tions and responsibilities. The AIME 
is not entirely an engineer's society 
Roughly 25 pet of our full Members, 
and more than 30 pet of our Asso 
ciate Members are not graduate en 
gineer They are people interested 
and convinced of the purpose of our 
Institute They are interested not 
only in technological progres but 
also in the welfare of those engaged 
in the extractive industries 

Many of you, in response to our 
President's request for help in this 
matter, have ubmitted names of 
candidate for the Institute. This 
has now become an annual custom, 
but we would very much appreciate 
your help and cooperation not only 
now but throughout the year 

It i hoped that certain plans of 
the National Membership Committee 
to help the Sections in obtaining 
new members will bear fruit in 1956 
jut the best of plans can only be a 
good as the conviction of each and 
every member that our field should 
be broadened and strengthened 

It is our hope that we will be able, 
from time to time to report our 
progre to the membership at large 
At this time of the year we need 
your help not only in securing new 
member but in those 
who are about to let their 
membership lapse for nonpayment 
that they are mistaken 

A new group of officers of the Na 
tional Membership Committee has 
now taken over and is faced with a 
record difficult to equal or 
Last year the Institute membership 
was the highest ever. We promise to 
do everything within our power to 
further our aim to make AIME the 
profe ociety of all those in 
terested in the minerals and extrac 
tive industries whatever the special 
ization or the = field AIME has 
something to offer to candidates, we 
have very much to give to our mem 
bers, and as your new officers of the 
National Membership Committee, we 
hope that you will help us in our 
campaign to add to the strength and 
power of the Institute 

C. E. Golson* 

* Chairman, AIME National Mem- 

bership Committee 


convincing 
member 


of due 


Surpass 


ional 
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MUIR L. FREY 
Father-Son Team Active in Detroit AIME Section 


Among its active members the 
AIME is proud to count a number of 
fathers and son Muir L. Frey, 
chairman of the Detroit section in 
1942, and his son Donald, present 
chairman, have been interested in 
AIME for many years. Both are 
members of SAE, ASM, and Tau 
Beta Pi honorary society. Donald N 
Frey is also associated with ASME 

Muir L. Frey, born May 1, 1900 in 
Bunker Hill, IL, received his BS 
and MS. degrees from Missouri 
School of Mines and Metallurgy. He 
has been chief metallurgist with 
John Deere Tractor Co., Republic 
Steel Corp. in Buffalo and Detroit, 
and Packard Motor Co., engine air 
craft div. Since 1945 he has been 
with Allis-Chalmers Mfg. Co. and i 
currently assistant to the general 
works manager of the tractor plant 
in Milwaukee. Mr. Frey has two 
ons, both engineet Stuart Frey is 
a mechanical engineer with the Con 
tinental div. of Ford Motor Co., and 
Donald Frey, a metallurgist, is as 
ociate director of Ford’ cientific 
laboratory 


New Calgary Section 
For Petroleum Members 


section has been or 
ganized to serve some 100 members 
of the AIME Petroleum Branch 
working in the area surrounding 
Calgary, Alberta. Inasmuch as this 
area is in the province of the Cana 
dian Institute of Mining and Metal 
lurgy, which has a Petroleum Divi 
ion, arrangements completely agree- 
able to the CIM were developed. The 
new Section will be known as the 
CIM-AIME Petroleum Engineering 
Section of the CIM. However, the 
Petroleum Branch of AIME will as 
sist its operation in every way pos 
sible, the Section will be given a re- 
bate of 50¢ for each AIME member 
on its rolls, and a Section delegate 
will be allowed on the Council of 
Section Delegates. In addition, each 
member of the new Section who is a 
member of the CIM but not of the 
AIME will be offered a subscription 


A new local 


DONALD N. FREY 


Donald N. Frey was born in St 
Louis, Mo., on March 13, 1923. In 
1950, after serving as an Army Ord- 
nance officer in World War II, he be 
came assistant professor of metal 
lurgy at the University of Michigan, 
where he received his B.S. and Ph.D 
degrees. The following year he was 
appointed manager of the metallurgy 
dept. of the Ford Motor Co. scien 
tific laboratory 
director in 1955. In 1953 Dr. Frey 
was named “Young Engineer of the 
Year” by the Engineering Society of 
Detroit for his civic and professional 
accomplishments. He married, ha 
five children, and lives in Birming 
ham, Mich 


becoming associate 


to the JOURNAL oF PeTROLEUM TECH- 
NOLOGY at the special AIME mem- 
bers’ rate of $4 per year, half the 
regular subscription price 


AAAS Fellowships 


The American Assn. for the Ad- 
vancement of Science has redefined 
its fellowship qualification and 
AIME is now on the list of organiza- 
tions that have a research qualifica- 
tion for membership. Members are 
eligible for AAAS fellowship if they 
belong to or join the association 

Of the two principal classe of 
members in the association, Fellow 
are those who have contributed to 
the advancement of either 
by the publication of original re 
earch beyond the doctorate thesis 
or in another significant manner 


science 


E. J. Longyear Fund 


The Edmund J. Longyear Memo 
rial Fund of $3400 has been estab 
lished through the University of 
Minnesota to provide one or more 
cholarships for training in mining 
and metallurgical engineering, geol 
ogy, and other basic earth science 
during the school year 1956 to 1957 
The scholarships will be adminis 
tered by the Bureau of Student 
Loans and Scholarships and will be 
supported annually by E. J. Long- 


year Co 


the Sections 


Washington, D. C., Section 


10 at the Cosmos 


Frank M. Stephen 


Extractive Metallurgy.’ 


Utah Section met January 


, manager, Atomic 


Utilization of Uranium 
was preceded by 


F. McElhatten and K. C 


Connecticut Section 


Me t illurgy of the Turbo Jet Engine 63 


temperature 


method produce 


introduced by 


E. H. Robie, Secretary Emeritus of 
AIME, and E. O. Kirkendall, Secre- 
tary of AIME 


Spindletop Section 

A new Local Section of the AIME 
has been organized with headquar- 
ters at Beaumont Texas, to be 
known as the Spindletop Local Sec- 
tion. Its territory will comprise the 
following counties in Texas: Orange 
Jefferson, Polk, Tyler, Jasper, New 
ton, Hardin, Liberty, and Chamber 
and the following parishes in Louisi- 
ina Cameron, Calcasieu, Beaure 
gard, and possibly the southern por 
tion of Vernon. The territory was 
formerly in the area of the Gulf 
Coast, Delta, and Lou-Ark Section 


El Paso Metals Section 

The El] Paso Metals Section met at 
the Hotel Cortez, El Paso, Texas on 
November 9 with 65 member pres 
ent. Feature of the evening was a 
motion picture, Up from the Desert 
Sea, showing potash mining at Carl 
bad, N. M. At the meeting on Janu 
ary 12, new Section officer elected 
for the coming year were Ben D 
Roberts, Chairman; M. S. Bell, Vice 
Chairman and Guy E Ingersoll 
Secretary-Treasurer The meeting 
vas addressed by AIME Director C 
R. Kuzell, vice president in charge of 
Western Operation Phelps-Dodge 
Corp Dougla Ariz. R. E. O’Brien 
AIME Western Field Secretary, also 
poke. At the February &th meeting 
H. B. Lafferty of El Paso Natural 
Gas Co. discussed “Gas Dispatching 
Problen Encountered in the Opera 
tion of Gas Turbines and Centrifugal 
Compressor 


The Christmas Dinner Dance of 
the Women Auxiliary of the El 
Paso Section was held at the Hotel 
Cortez on December 10 


Niagara Frontier Section 

The Niagara’ Frontier Section 
opened the 1955-1956 season with a 
oint meeting with CIM held at 
Hamilton Ont. A visit through the 
Steel Co, of Canada on September 2] 
was followed by a dinner meeting at 
the Royal Connaught Hotel Co 
chairmen of arrangements were R 
F. Cameron of the Niagara Frontier 
Section and Gordon Willey of the 
Hamilton Section of CIM. Talk on 

taw Material Operation and 
Customer tequirement were 
given by Douglas Joyce, assistant to 
the executive vice president, Algoma 
Steel Corp. Ltd.; Charles W. Barrett 
district manager of Republic Steel 
Corp Buffalo: and Ralph D. Hindson 
chief metallurgist, The Steel Co. of 


Canada, Hamilton, Ont 


On November 16 the Niagara Fron 


Kher, director 


, Chairman of the 
ented a membership award pin to 
Rush Spedden 
hip Committee, 
tional membership cont 
ing and Metal 
Boston Section 


the Boston Section was held on Feb 


manager of engi 


general manager 


Petroleum Student Chapter, 
Colorado School of Mines 


AIME Executive 


St. Louis Section 
Section held a 


and metallurgy 


also covered the laboratory 


ign and opera 


More news of AIME Local Section 
activities will be found on page 366 
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AiG 
The Washing C.. Section tier Section heard an address on 
met January De Club evaluation of high strength steels, ee 
H. DeWitt Smith chairman, O’okiep given by E P, re 
Copper Co. Ltd., was the guest of search at the Metals Research Lab i i, 
honor. Mr. Smith, who was 1955 oratory, Syracuse University. David 2 
President of the AIME, discussed In ea 
titute affair On February 7 the bea 
Section met at the National Press ais 
Club. Es, Jr.. dis 
cussed the Future of 
Utah Section 
at Newhou t Lake City ihe reguilal nthi ecting of 
Div., Phillips Petroleum Co., Idaho ruary 6. The speake Henry 
Falls, Idaho, was the speaker. His Hausner, formerly 
neering of the Atomic Energy Div ren. 
of Sylvania Electric Products. Dt 
Hausner is now «of 
the Univer nt the nuclear engineering div., Penn _ 
Chapter. D. I Texas Corp., New York. His topic 
Olsen were in charge of all arrange was the powder metallurgy of re — 
ment actor materials 
Dr. Hausner received his profe RS 
a ional education in Vienna. As a Bs 
or young engineer, he worked on the 
he design and construction of powel! 
the 1955-1956 season on Hoven 0 1 plant but in the mid-1930 he 
: : we ary turned his attention to the field of 
at Hammond Metallurgical Labora 
tory, Yale University. Forty mem powder metallurgy while working ; 
bers and 24 guests were present for an Austrian incandescent lamp Pin 
factory. Dr. Hausner came to the 
Speaker of the evening wa U. S. in 1940 and joined the staff of ie 
Ale xander Sct varzkopf of Curti Sylvania Electric Products in 1952 & ave: 
Wright Corp., Wood-Ridge, N. J., 
Mr. Schwarzkopf discussed the se : ah 
lection of materials for use in each The Petroleum Student Chapter ; S 
component of a jet engine in the Colorado School of Mine was rec 
order of increasing operation tem ognized at the December 21 meeting se } 
perature. Alloys of aluminum, mag of tne Committe 
nesium, and titanium are applic abl A eparat Chapter for the 
to conditior of low ten perature and metallurgists at the chool, or staid 
where weight saving is an important ganized many years ago, will con ee Lie 
factor in addition to strength. At tinue | Pic 
higher temperatures it is necessary aa 
trength and corrosion resistance joint 'e 
The high temperature alloys are meeting with the AIChE St. Lou fa 
\ used in the turbine which reache Section on January 20 at the York a 
1500°F. Mr Hotel. Presiding officers were A. W 
Schwarzkopf pointed out that most Schlechten, for the AIME, and A. T 4 oa 
of the high ten perature alloy now Picken for the AICHE. There were Ra ‘ 
used in turbine blades are produced AIME member and 44 AIChE 
by vacuum melting or casting due to members present. The speaker wa a ee 
the uperior mechanical propertic F. A. Forward, head of the mining ie 3 
which thi pt., University of 
i H. DeWitt Smith, President of British Columbia Mi Forward ee 
AIME, extended a few words of wel- poke on the developments in = 1. 
: come to the Section and at the close ure leaching of copper-nickel ore 1. 
3 of the evening related some of hi with ammonia, and both basic and as 
oa interesting experience in the de- acid leaching of uranium ore He @ ee 
velopment of the Tsumeb mine. lop 
Se South West Africa, into the econd ment of the process pilot plant 3 
largest lead mine operation, and the d¢s 
Other special guests EES tion of full-scale plant ¢ 
the Chairman of the Connecticut Ale 
Section, William D. Milligan, were 


Need Money For 
Research? Apply to 
Engineering Foundation 


Foundation, a de 
United Engineering 


Engineering 
partment of 


Trustee which in turn is a creature 
of the four Founder Societies 
ASCE, AIME, ASME, and AIEE 
ha ome $65,000 annually to di 


tribute for support of research in the 


engineering field. Currently 27 proj 


ects are sponsored. It is not intended 
that the money allocated in any 
peciiice case will cover all the re 
earch cost involved, but that it 
Will assist in getting research pro) 
ect inder way that will later be 


industry In fact, 
Engineering Founda 
tion to sponsor research projects is 
of real help in getting industrial con 


upported by 


ivreement by 


tributions of much larger amount: 
Of last year expenditure of $64. 
650, $25,500 was allocated to projects 
in the AIME field as follow Alloys 
of Iron Research, $5000; Heat Flow 
nm Quenching $2500; Diffusion in 
Steel $2500 Comminution $3000. 
Research Council on Corrosion $1000: 


Metal jranch, AIME, Publications 
Fund, $5000; Oscillatory Fluid Mo 
tion, $1500; Storm Surges, $5000 


To apply for a grant, write to the 


Secretary, AIME. The Secretary will 
turn the request over to the AIME 
Committee on Research for review 


and recommendation. If approved 
the Institute will then recommend it 
to the Foundation for support. Here 
is what the application for a grant 
hould cover: a) Benefit expected 
and the anticipated recipients of the 
performance, i.e., industries profe 

ions, Organizations, or the public 
b) Similar, or related duplicate 
activitic c) The result briefly 


tated, of a 

literature If 
been made the 
tated. d) If for 
in hand 


earch of the applicable 
earch has not 
should be 
continuance of a 
the applica 


uch a 


reason 


project already 


tion hould be accompanied — by 
either a reference to previous peri 
odic reports or a brief statement of 


work so far done and results ob 
¢) Estimates of cost and time 
and proposed contributions by the 
applicant of and services. f) 
Information on personnel facilities, 


tained 


money 


money, and collaboration available 
from other sources than the Founda 
tion. g) A time schedule for pay 


ments when the request is for a 
grant of money to be expended in a 
period of one year h) If a new or 


Kanization is proposed to execute 
the undertaking, the reasons there 
for and an outline of the proposed 
organization, Applications for addi 
tional grants in any year. or for con 
tinuing in succeeding years a project 
previously aided, should be accom 
panied by reports of progress or 
reference to recent progress reports 
and an outline of the further work 
planned. Applications should com- 
ply with the object of the Founda- 
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“furtherance of 
research in science and engineering 


tion, which is the 
and the advancement in any other 
manner of the profession of engi 
neering and the good of mankind.” 

Application by the Society to the 
Foundation must be made before 
April 15 of any year, so immediate 
application should be made to AIME 
for the coming year 


Hardy Gold Medal 


Arthur C. Hardy, of Cambridge, 
Mass., is contributing a minimum of 
$5000 to the AIME, the annual in- 
come from which is to be used as a 
memorial to Dr. Hardy’s son. This 
will take the form of a medal to be 
known as the Robert Lansing Hardy 
Gold Medal. The award is to recog- 
nize exceptional promise, rather 
than achievement, in the field of 
metallurgy, and is to be given to a 
metallurgist who has not reached 
his 30th birthday before the end of 
the calendar year during which se- 
lection of the recipient is made 
Rules of award have been drawn up 
by a committee consisting of A. M 
Gaudin, A. B. Kinzel, Morris Cohen. 
and Frank T. Sisco. Rules specify 
that the award not be restricted to 
AIME members; and that the candi- 
date be selected from those working 
in the broad field of metallurgy, in- 
cluding mineral beneficiation: ex- 
tractive, physical, or adaptive metal 
lurgy; and metal processing. The 
Committee of Award will consist of 
four members, one each from the 
following Divisions of the AIME 
Minerals Beneficiation, Extractive 
Metallurgy, Iron and Steel, and In- 
stitute of Metals, each to be named 
by the chairman of the Metals 
Branch Council The Committee 
would report its selection to the 
Metals Branch Council by November 
15, and announcement of the winner 
would be made in December of each 
vear. The award would be made at 
a meeting of the Local Section with 
which the recipient is most closely 
identified. Nominations to be sub- 
mitted to the award committee 
should be made through Local Sec. 
tions of the Institute 

Dr. Hardy’s son, for whom the 
medal is named, was a young man of 
great promise in the field of physi- 
cal metallurgy, and a Junior Mem 
ber of the AIME. At the age of 25, 
while working at the Wate rtown 
Arsenal, he was the victim of a 
brain hemorrhage. It is Dr. Hardy's 
wish that the award not be made on 
the basis of any specific accomplish- 
ments, but rather for outstanding 
promise of a successful career 


Around the Sections 


(Continued from page 365) 


Chicago Section 

At a meeting of the Chicago Sec- 
tion on December 7, Harold G. Urey 
of the University of Chicago spoke 
on “Composition of the Earth and 
Meteorites, and the Abundance of 
the Elements.” At the January 4th 
meeting of the Section the topic was 
“The Growth of a Giant,” presented 
by Owen Rice, vice president, Freyn 
Engineering Div., Koppers Co. On 
February Ist, Dana W. Smith, associ- 
ate director and laboratory manager, 
Dept. of Metallurgical Research, 
Kaiser Aluminum and Chemical 
Corp., Spokane, gave a talk to the 
members of the Chicago Section on 
the aluminum industry, the applica- 
tion of its product in many diversi 
fied industries such as aircraft, build 
ing, air conditioning, electrical, etc., 
as well as the future outlook for 
further applications. Dr. Smith is a 
recipient of the AIME Mathewson 
Gold Medal 


Student Chapter, 
College of Puget Sound 
Announcement has been made that 
the AIME Student Chapter at the 
College of Puget Sound. 
Wash., has been discontinued at the 
Chapter’s request. The school has no 
ECPD accredited curricula in the 
mineral technology field 


Win AIME Pin Award 


AIME members who secure at 
least five new members now get 
tangible recognition for their efforts 
This is in the form of the well 
known emblem: AIME with crossed 


Tacoma, 


hammers in gold on a blue back 
ground, surrounded by a band of 
white on which is inscribed Mem- 
bership Award. Dangling from the 
bottom of the pin is a small light 
blue pendant with the figure 5 
When the member gets five more 


members, he gets another pin with a 
pendant bearing the figure 10, thus 
having a pin for each suit, and so 
forth. Up to December 7, 34 pins had 
been issued for five members; 9 for 
ten; 2 for fifteen; and 1 for twenty 
Application blanks now have a space 
at the top on which the man who 
secures the application writes hi: 
name when passing out the applica 
tion. This makes it possible to keep 
a tally at AIME headquarters 


Apr. 15, 1956, is the deadline for papers that are to be presented 
at the Institute of Metals Div. Fall Meeting in Cleveland, Oct. 8 to 
10, 1956. Papers received by this deadline but requiring revision 


may not be processed in time to permit scheduling for this meeting 


The AIME Pacific Northwest Re 
gional Metals and Minerals Confer 
ence will be held on May 3, 4, and 5 
in Seattle 

Earl R. Marble, general chairman 
of the conference, has announced 
that Grover J. Holt, AIME President 
Elect, and general manager, Ore 
Mining Dept., Cleveland-Cliffs Iron 
Co., Ishpeming, Mich., will be the 
featured speaker at the banquet on 
Friday. The speaker at the Mining 
Branch luncheon on Friday will be 
Desmond F. Kidd, past president of 
the Canadian Institute of Mining 
and Metallurgy, and president and 
general manager, Attwood Copper 
Mine Ltd., Vancouver, B. C. The 
Metals Branch luncheon will be held 
on Thursday. The speaker will be 
J. Gordon Parr, Associate Professor 
of Metallurgy, University of Alberta 
Edmonton. The technical program 
will feature papers of interest to all 
ections of the AIME. Assistant gen- 
eral chairman of the conference i 
Marshall Huntting 


Mining Branch 

The Co-Chairmen for the Mining 
Branch technical sessions will be 
W. C. Dougla vice president, Kel 
owna Mines-Hedley Ltd., Seattle, and 
H. C. Hughe chief inspector of 
mines, Dept. of Mines, Victoria, B. C 
Mr. Douglass will also serve as chair 
man of the Mining Branch activitie 

The following Mining papers will 
be presented Petroleum and Nat 
ural Gas in British Columbia Impor- 
tance of Wash ngton Coal Re eTves 
in the Regional Power Picture, Rock 
Bolting wn Metal Mines. and Under- 
ground Transportation at the Pend 
Oreille Mine 

One of the papers at the Mineral 
Jeneficiation session will be Sun- 
hine Milling Practice. This will in- 
clude a report on work being done 
by the Sunshine Mining Co. on elec 
trolytic antimony. For the uranium 
men there will be A Remew of 
Uranium Milling Practice to Date 

This session will also include: Fac 
tors Influencing the Selective Flota- 
tion of Complex Lead-Zinc Ores, and 
The Impact of New Flocculents on 
Hydrometallurgical Processes 

The Geology Subdivision will pre 
ent Tectonic Patterns of the West 
ern United States, Granites of Mag- 
matic Origin as Distinguished from 
Granites of Metasomatic Origin, and 
Localization of Ore in the Kootenay 
Art There will also be a paper cor 
relating expanded rates of ore dis- 
covery with geological field studies 
in the Northwest 

The Industrial Minerals Div. will 
include Industrial Mineral Indus- 
tries of the Pacific Rim—Recent De- 
velopments and Expected Trends 
Recent Advances in the Structural 
Clay Products Indu try; a paper on 
the requirements for industrial 
ilica; and one describing a glass- 
container plant 


Pacific Northwest Regional Conference to be Held in Seattle in May 


GROVER J. HOLT 


A Mineral Industri Education 
Div ‘ ion has been scheduled by 
Drury A. Pifer, director, School of 
Mineral Engineering, University of 
Washington, Seattle, for 8:00 p.m 
Thursday Among the top to be 
covered are Problem n High School 
Education Freshman Engineering 
Education, and Trend n Engineer 
ing Educatior 

Metals Branch 

The Chairman of the Metals Branch 
technical sessions will be J. G. John 
ton, chief metallurgist sethlehem 
Pacific Coast Steel Corp Seattle 
He will also be chairman for Metal 
Branch activitie at the conference 
The Iron and Steel Div. program 
will include Steel-Mal ing Proce e 
in the United State: Trend and 
Some Recent Developme nt Pro 
curement of Qual ty Steel for Air 
craft Use; A Metallurgical Evalua- 
tion of Scrap for West Coast Ingot 
Production 4a paper on Premier 
Steel Mills Ltd. new rolling mill at 
Edmonton, Alberta; and a paper on 
production of pig iron in the electri 


furnace 

The Extractive Metallurgy Div 
will present High Analysi Pho 
phates for the West; Nodul ng Prac- 
tice at Manganese Inc Cominco’s 


New Sinter Plant; and Ore and Con 
centrate Handling and Bedding at 
the Tacoma Smelter 

There will be two sessions on 
Thursday featuring pape! on phy l- 
cal metallurgy. One will be devoted 
to corrosion and other problen in 
the manufacture and use of the light 
metal i1luminurm, titanium, and zir 
conium. Other papers will be an 
nounced later 

Demonstrations and Tours 
X-Ray diffraction equipment dem 


onstrations will be given all day 
Friday and until noon Saturday at 
Milnor Roberts Hall, on the Univer 
sity of Washington campus. Tour: 
through several interesting industrial 
plant in Seattle Renton, and Ta 
coma are being arranged for Satu 
day morning 

The chairmen of the various 
branch activities are: J. G. Johns 
ton, Bethlehem Pacific Coast Steel 
Corp., Seattle, Metals Branch; W. C 
Douglas, mining engineer consultant, 
Seattle, Mining Branch; and D. A 
Pifer, School of Mineral Engineer- 
ing, University of Washington, Min 
erals Industry Education. Working 
a division chairmen are 
Hughe Dept. of Mine Victoria, 
B. C., Mining in British Columbia 
Paul Billingsley, mining geology con 
ultant, Burton, Wash., Geology; W 
D. Nesbeitt, Allis-Chalmers Mfg. Co., 
Spokane, Minerals Beneficiation; H 
D. Kelley, U. S. Bureau of Mine: 
Seattle, Industrial Minerals; Lloyd 
Banning, U. S. Bureau of Mines, 
Albany, Ore Iron and Steel; E. C 
Robert University of Washington 
Seattle, Physical Metallurgy and 
R. E. Shinkoskey, American Smelt 
ing & Refining Co., Tacoma, Wash 
Extractive Metallurgy 


Engineers Joint Council 
General Assembly 


The Engineers Joint Council Gen 
eral Assembly 1956 was held Janu 
ary 26 to 27 at the Hotel Statler 
New York. Registrants were wel 
comed by Col. L. F. Grant, past pre 
dent, ECPD 

The opening ession wa co 
ponsored by the Engineering Man 
power Commission, Scientifie Man 
power Commission, National Re 
earch Council and the National 
Science Foundation. The subject for 
discussion wa the Reserve Force: 
Act of 1955 and its effect on develop 
ment and utilization of engineering 
and scientific personnel HHoward A 
Meyerhoff was the chairman 

During the afternoon current tech 
nical manpower requirements were 
considered, with Maynard M. Boring 
is chairman 

On Friday the essions opened 
with a discussion on “Growth Pat 
tern of the Engineer.” The moderator 
was Sidney D. Kirkpatrick. The pro 
gram concluded with a review of the 
engineering aspects of the Hoover 
Commission Report. Mervin Kelly 
and Adm. Ben Moreell analyzed the 
part of the report dealing with re 
earch and de velopment and water! 
resource respectively 

The EJC Annual Dinner was held 
on Friday evening. Walker L. Cisler 
president, Detroit Edison Co,, wa 
the speaker. His subject was “A 
World Look at Usefulness of Nuclear 


Power 
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Personals 


become head 
ection of the 


Richard N. Rhoda ha: 
of the plat num metal 
research laboratory International 
Nickel Co. Ine jayonne, N. J. He 
ociated with Interna 


Nickel nee 1953 when he 


na been a 
tional 
joined the staff as a research chem 
t Ds Khoda pecialty ha been 
the electrodeposition of the plati 


num metals and rious aspects of 
their physical metallurgy He re 
places Ralph H. Atkinson who r« 
tired after 30 year ervice with In 
ternational Nickel. Mr Atkinson 
who is a graduate of Cambridge Uni 
ersit England, has been associated 
with the company in this country 


Canada, and the United Kingdom 
He joined the company in England 


in 1923 a assistant manager of 
the platinum metals refinery, Mond 
Nickel Co., an Inco affiliate. From 
there he went to Canada as chief re 


earch chemist for The International 
Nickel Co. of Canada Ltd., Copper 
Chiff Ont n 1940. Mr. Atkinson 
taff of the Bayonne lab 
orator in 1943 as a research metal 


joined the 


lurgist. becoming head of the plati 
num metals research section when 
if Vil formed 


MORRIS E NICHOLSON 


Morris E. Nicholson ha 
pointed head, dept. of metallurgy, 
Institute of Technology University 
of Minnesota, Minneapolis. He had 


been ap 


been associated with the Institute 
for the Study of Metals, University 
of Chicago. Dr. Nicholson is a grad 
uate of Massachusett Institute of 
Technology and hold the rank of 


major in the Army Research and De 
ve lopment Reserve Program 


George A. MeCaskey is now an en 
trainees E. I. du 
Pont de Nemours & Co., Aiken, S. C 
Mr. MeCaskey had been associated 
with South Dakota School of Mines 
Rapid City, S. D 


vinect Upervisor 


and Technology 
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RICHARD N. RHODA 


William M. Peirce, New Jersey Zinc 
Co., has been appointed assistant to 
the executive vice president and will 
administer the company’s patent 
busines including licensing. Mr 
Peirce has been associated with New 
Jersey Zinc for 36 years, in such 
head of the metal sec 

tion, research dept.; chief of the re 
earch dept.; and more recently 
member of the staff of the New York 
office. He is a past-president of 
AIME, holding office in 1951 


positions a 


Gordon HH. Chambers was named 
chairman of the board of Foote Min 
eral Co., Philadelphia, on Jan. 26, 
1956, to succeed H. C. Meyer who re 
tired on Dec. 31, 1955. Mr. Chamber 

who joined Foote Mineral Co. as a 
ales engineer soon after graduating 
from the University of Pennsylvania 
in 1928, became vice president of 
Foote Mineral in 1936 and president 
in 1952. He served with the U. S 
Army Ordnance during World War 
II, rising to the rank of colonel. Mr 
Chambers will be succeeded as pres 
ident by L. G. Bliss, now senior vice 
president. Mr. Bli joined Foote 
Mineral Co. after completing gradu- 
ate studies in physical chemistry at 
Rutger University in 1931. After 
three years interim employment with 
General Chemical Co., he rejoined 
Foote Mineral Co. in 1936 and became 
ales manager in 1938. Mr. Bliss was 
elected vice president-sales in 1952 


Max Hansen, formerly manager of 
the metals research dept., Armour 
Research Foundation, Chicago, has 
been elected president, Deutsche 
Gesellschaft fur Metalkunde, Frank 
furt, Germany, for a_ three-year 
period 1956 to 1958. Since his re- 
turn to Germany a year ago, Dr 
Hansen has been serving as vice 
president, Metallgesellschaft, A.G., 
Frankfurt 


RALPH H. ATKINSON 


Joe G. Y. Chow has 
clear engineering div 


joined the nu 
srookhaven 


National Laboratory, Upton, N. Y., 
as an associate metallurgist. He wa 
a research metallurgical engineer, 


Arabian American Oil Co 


C. D. King has been appointed assist 
ant to the executive vice president 
operations, U. S. Steel Corp., Pitt 

burgh. Mr. King had been general 
chairman of the Corporation’s oper- 
ating committees concerned with the 
development of advanced operating 


procedures. He will serve on the 
staff of Harvey B. Jordan, executive 
vice president-operations. As part of 


reorganization of the operating com 
mittee 
rate chairmen for each major proc 

ess have been appointed as follow 

J. J. Golden, steel production, Alex 
Montgomery, Jr., rolling; and J. M. 
Stapleton, iron production. In addi 
tion to their new positions, they will 
continue as assistants to the vice 
president-operations-steel 


on a corporation basi epa 


Howard I. Young, president of Amer 
ican Zinc, Lead, and Smelting Co., 
St. Louis, has announced that L. P. 
Davidson and Thomas I. Moore have 
been appointed manager and general 
superintendent, respectively, of the 
company’s electrolytic division, Mon 
santo, Il 


Charles M. Hammond ha been 
awarded a research fellowship re- 
cently established at the University 
of Michigan, Ann Arbor, by The In 
ternational Nickel Co. Inc. Mr. Ham 
mond is a graduate of the University 
and hold bachelor and master 
degrees in chemical and metallurgi 
cal engineering. Under the 
ship, he will conduct research on the 
effect of alloying elements on micro 
structures and stre rupture proper- 
ties of nickel-base alloys 


fellow 


al. 
5 
~ 


E. T. Casler has 


been promoted to 


joined International Min 
taff engineer for the 


Florida phosphate dept 
Floyd B. Bowen, who was 
ned production manager! 


main at Bartow 


and Metallurgy, 
ota Minneapolis 
been appointed a 
or of physical metallurgy 


RICHARD SWALIN 


Felix E. Wormser, 


York on March 


William E. Mahin ha 


management consulting 


earch and development 


Additional appointments to the staff 
International Minerals & Chemical 


Corp., at the Florida phosphat 
minerals div. are W. O. McClintock, 
assistant manager for engineering 


H. T. Loehr, assistant manager for 
production H. E. Uhland, chief en 
gineer; and F. J. Clawson, chief 
metallurgist. Mr McClintock, who 
was chief engineer prior to hi pro 
motion, joined International Min 
erals in 1944 as a research engineer 
and later was supervisor of the re 
earch div. and flotation uperinten 
dent, phosphate minerals div. Mr 
Loehr, electrical engineering 
graduate of Georgia Institute of 
Technology, joined the company in 
1940. After serving in the U. S. Navy 
from 1941 to 1945, he returned to the 
company as, successively, chief ele 
trician, chief engineer, and assistant 
manager for engineering. Mr. Uhland 
joined International Mineral & 
Chemical Corp. in 1948 and has been 
assistant metallurgist and chief met 
allurgist. He is a graduate of the 
University of Maryland. Mr. Claw 
son, previously flotation supervisor 
joined the company in 1949 as a 
metallurgist. He attended the Colo 
rado School of Mines 


Van H. Leichliter wa presented re 
cently with an award by the Amer! 
can Standards Assn., New York, for 
leadership in advancing the devel 
opment and use of voluntary tand 
ards as instruments of free enter 
prise.” Mr. Leichliter is vice presi 
dent, American Steel and Wire div., 
U.S. Steel Corp., Cleveland 


John P. Howe is now connected with 
Atomics International, Canoga Park 
Calif. He wa associated with the 
atomic energy div., North American 
Aviation Inc., Downey, Calif 


JOHN W. VAUGHAN 


John W. Vaughan has 
pointed assistant to the vice presi 
dent, alloy metal div Alter Co 
Davenport, lowa A graduate of Pur 
due University, Mr 


district manager of Steel magazine 


been ap 


Vaugnan Nid 


JAMES MAIR 


James Mair has joined the Conkey 
div Chicago Bridge & Iron Co.,, 
Chicago. He Wil vice pre ident in 
charge of sale Goslin-Birmingham 
Co. Ine tsirmingham, Ala 


S. Frederick Magis, U. S. Naval 
Proving Ground, Dahlgren, Va., is 
head of the research branch, metal 
lurgy div 


Per Ulf Gummeson has been ap 


pointed vice president and general 
Sponge Iron 


manage! Hoe 


Corp., New York. A graduate of the 
Royal Institute of Technology, Stock 
holm, Sweden, Mr. Gummeson wa 
former! associated with Hopgana 

jillesholms AB, Hogana Sweden 


in the technical and research div 


Harry L. Bishop, Jr., has joined the 
technical ervice div Jone & 
Laughlin Steel Corp., Pittsburgh, a 
development engineer-proce metal 
lurgy. A graduate of the University 
of Cincinnati in 1951 a a metal 
lurgical engineer he received an 
Sc.D. degree from Massachusetts In 
titute of Technology in 1955. Dr 
Bi hop wa formerly a metallurgical 
a istant for the 
& Tube Co 


Youngstown Sheet 


Young town 


B. T. K. Barry, who received a Ph.D 
degre in metallurgy in October 
1955 from the Royal School of Mine 

London England ha 
been appointed researct metallur 
pist, Sherritt Gordon Mine Ltd 
Vancouver, B. C., Canada. Mr. Barry 
has been associated with the dept of 
mining and metallury The Univer 
ity of British Columbia, Vancouver 


Universit 


Edward J. Martin has been ap 
pointed adminstrator of training for 
Crucible Steel Co. of America, Pitt 
burgh. He previously served as man 
ager of personnel administration and 
training at Kopper Co and had 
ilso been an industrial relations con 
iltant, Ebasco Service New York 
Mr. Martir i graduate of Cornell 


University 
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phosphate minerals div., Interna- ere 
tional Minerals & Chemical Corp 
erals in 194 
phosphate div. A year later he was 
appt nted a tant manager of the al 3 me 
of the phosphate minerals div. oper — 
ations in Florida, Tennessee, and es 
Montana, His headquarters will re- ‘ala 
Richard A. Swalin, formerly re 
earch a ociate in the research lab LV ja 
oratory, General Electric Co., Sche 4 AEE 
nectady recentl oied the taff of 
the School 
Univer ity ae 
Dr. Swalin 
tant profe 
phe 
4 
MEE Assistant Secre 
tary for Mineral Resource 
Dept. of the Interior ha been 
awarded Columbia University Eg 
leston Medal for “distinguished en 
gineering achievement” by the Co 
lumbia Engineering School Alumni 4 
Assn ponsor of the award Mr: 
Wormser is one of six alumni trus- 
tees of Columbia University. Prior 4 
to entering Government service, he MV— - 
was a vice president of St. Joseph : “= wis 
Lead Co. and president of the Lead ‘ : aoe 
Industries Assn. The medal will be hoe: 
presented to Mr. Wormser in New 
| 4 ‘ 
position as vice president and direc 4 “a ! 
tor of research, Hunter Engineering 
Co., Riverside, Calif. He has re 
turned to Cambridge, Ohio, to te var 
establish with hi wife Irene, a | aes 
the field of research and develop Pie 
ment. He will travel in this country ‘+ Fina 
and abroad and advise management eit = 
noncompeting metallurgical com 
panies on planning, equipping, or 
vanizing, and staffing for metallurgi 
by * 


ROBERT L. WICKER 


Robert L. Wicker has joined Napco 
Industries Inc. as sales manager for 
the Federal Motor Truck div. He 
had been general ale manager, 
Dart Truck Co, Kansas City. Mr 
Wicker, a graduate of the College of 
Pacific, began h ales career with 
the Columbia Steel div., U. S. Steel 
Corp San rising to 
ales promotion manager. Later Mr 
Wicker served as general sales man 
ager, Western Stove Co., and sales 
Machinery Co. He 
was 4 partner of his own firm, 
Wicker-Wood Equipment Co., North 
Holly ood and Sacrame nto, Calif 
before joining Dart Truck Co 


Francisco 


manager seVi 


Max ©. Scheble has been appointed 


assistant to the general manager of 
operations, Columbia-Geneva div., 
U.S. Steel Corp., San Francisco. He 
joined Columbia-Geneva in 1937 and 
has served successively as a mine 
engineer, works industrial engineer 
at the plant at Ironton, Utah, and 
superintendent of the stone quarries 
at Keigley Quarry near Payson, 
Utah. Mr. Scheble had also been 
chief industrial engineer at the Ge 

neva Works in Provo, Utah, and, 
prior to hi appointment, 
he was supervisor of raw materials 
planning, also at Geneva Works 


HARRY R. DAHLBERG 
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Erle G. Hill has retired as director of 
elopment, Wheel 
W. Va 


metallurgy and dev 
ing Steel Corp., Wheeling 


Henry H. Hausner recently became 
general manager of the nuclear en 
gineering div Penn-Texas Corp., 
New York. He is the former man 
ager, atomic energy research and de 
velopment, Sylvania Electric Prod 
ucts Ine jayside, N. Y. Dr. Hausner 
has been awarded the Stevens Insti 
tute of Technology Powder Metal 
lurgy Achievement Award for 1956 
The award was presented on Febru 
ary 20 at Hoboken, N. J., and Dr 
Hausner presented, as part of the 
ceremonies, a paper entitled “Recent 
Advances in Powder Metallurgy in 
Both General and Nuclear Engineer 
ing Fields.” He is the author of 
Materials for Nuclear Power Re- 


actors, recently published 


4 
CHARLES H. HALLETT 


Charles H. Hallett was recently 
named manager of the Wallingford, 
Conn., plant, Joseph T. Ryerson & 
Son Ine. The plant, recently pur- 
chased from Follansbee Metals Corp., 
part of Ryerson’s nationwide steel 
distribution system. Mr. Hallett be 
gan his career in the steel business 
with Inland Steel Co., Chicago, and 
joined Ryerson in 1941 at the Buf- 
falo plant. He has served the com 
pany at its plants in Chicago, in pro 
curement and sales work, and Los 
Angeles, where he was head of the 
ales div. In 1946 he was appointed 
assistant sales manager of the Chi- 
cago plant. Mr. Hallett is a graduate 
of Northwestern University 


Harry R. Dahlberg will supervise 
iron, steel, and brass foundry opera- 
tions for Braden Copper Co. in Ran 
cagua, Chile. He had 
ated with Warren Foundry and Pipe 
Corp., Phillipsburg, N. J., as plant 
engineer, and had also served as 
foundry engineer for E. W. Bliss Co., 
Hasting Mich. Mr. Dahlberg was 
recalled by the U. S. Navy and as 
signed to the Bureau of Ordnance 
during the Korean emergency 


been associ 


OSCAR T. MARZKE 


Oscar T. Marzke, formerly associate 
director of research for materials, 
Naval Research Laboratory, Wash 
ington, D. C., has been appointed 
director of research at the Labora- 
tory. He succeeds Edward O. Hurl- 
burt who retired from the Civil Ser- 
vice in January to become senior 
scientist for the U. S. National Com 
mittee for the International Geo 
physical Year of the National Acad- 
emy of Sciences. Dr. Marzke holds a 
B.Sc. degree from Michigan State 
College and an Sc.D. degree from 
Massachusettts Institute of Technol- 
ogy. He also served as a metallurgist 
for the American Steel and Wire Co., 
becoming works metallurgist at the 
Waukegan, Ill, plant in 1942. Dr 
Marzke joined the Naval Research 
Laboratory in 1946, and became the 
first associate director of research for 
materials in 1954. He has also been 
a member of the Advisory Commit 
tee of the metallurgy div., National 
Bureau of Standards; Navy member 
of the Panel on Metals and Minerals, 
Research and Development Board, 
Dept. of Defense; and Navy liaison 
member, Materials Advisory Board, 
National Research Council 


Arthur L. Phillips, who has had a 
varied career in the metals and re 
lated publishing fields, has been 
named editor of the Welding Hand- 
book, publication of the American 
Welding Society, New York. Mr 
Phillips recently was engaged in 
writing and editing handbooks and 
manuals on applied welding for 
Eutectic Welding Alloys Corp. Pre 
viously he wa managing editor, 
Finishing Publications Inc., for Metal 
Finishing and Organic Finishing 


V. E. MacDonell, American Cyana- 
mid Co., New Orleans, has resigned 
and joined the M. W. Kellogg Co., 
New York 


John M. F. Gillis has joined Midvale 
Co., Philadelphia. He had been as- 
sociated with the Aluminium Co. of 
Canada Ltd., Arvida, Quebec 
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Obituaries 


Danforth, Jr. 
1920) died De 
the development 


was president, 


Danforth was born in 1879 


open hearth steelmaking at Birming- 


Prepesed for 
— Metals Branch AIME— 


ADMISSIONS COMMITTEE 


am S. / 
as S. V. Bartlett, Chicago 
Pit 


REINSTATEMENTS 


REINSTATEMENTS—CHANGE OF STATUS 


Student to Member 


Junior to Member 


ham Rolling Mill Co. and Tennessee 
Coal and Iron Co., Fairfield, Ala 
Mr. Danforth later was 
with Illinois Steel Co., Chicago, be 
coming assistant general superinten 
dent in 1919. Among the open hearth 
innovations which he con 
water-cooled furnace 


associated 


furnace 
tributed were 
buckstays and door frames and air 

cooled slag pockets and division 
walls. Mr. Danforth also worked on 
a process for granulating slag and 
an improved method of constructing 
metallurgical furnace checkerwork 


Robert A. Kinzie (Legion of Honor 
Member 1900) died in San Francisco 
on Oct. 22, 1955. He was vice pres 
ident and general manager, Santa 
Cruz Portland Cement Co., San Fran 
cisco. Born in 1874 in Boston, M1 
Kinzie attended the University of 
California. Shortly after graduation, 
he went to Parral, Mexico, where he 
was connected with the Jesus Maria 
Mines. From Mexico, Mr. Kinzie 
traveled to Alaska where he spent 
13 vears with Alaska Treadwell 
Mining Co. For a number of year: 
he served as a consulting engineer 
for such mining groups as W. F 
Bradley, in connection with Mexican 
properties, including the Mina: del 
Tajo in Rosario and the Bolanas 
mine; Union Carbide and Carbon 
Co., at Rifle, Colo., and Trail, B. C., 
Canada; and Engels Copper Mining 
Co. Mr. Kinzie joined Santa Cruz 
Portland Cement Co. in the 1920's as 
a consulting engineer, and later wa 
appointed vice president and general 
manager. One of the projects on 
which he worked was the Golden 
Gate Bridge in San Francisco, con 
ducting geological prospecting of the 
South Pier. Mr. Kinzie was a mem 
ber of the Mining and Metallurgical 
Society and the Engineers Club of 
San Francisco 


Horace H. Lester (Member 1931) 
died Nov. 11, 1955. For many years 
he was connected with Watertown 
Arsenal, Watertown, Mass., as a re 
earch physicist. Born in Shelburne 
Ind., in 1884, Mr. Lester attended the 
University of Minnesota, graduating 
in 1906; he received an M.A. in 1912 
from the University of Washington, 
and in 1915 a Ph.D. from Princeton 
University While studying at 
Princeton, he also was an instructor 
in physics. Mr. Lester continued his 
career in education at the University 
of Washington from 1915 to 1917 
After serving at the Puget Sound 
Navy Yard, Bremmerton, Wash., in 
the radio laboratory from 1917 to 
1920, he was employed as a research 
physicist by Westinghouse Lamp 
Co., Bloomfield, N. J. In 1921 Mr 
Lester became Assistant Professor of 
Physics at Case School of Applied 
Science, Cleveland. He began his 


association with Watertown Arsenal 
in 1922. Among Mr. Lester's pub 
lished works were papers on elas 
ticity of crystals in teel, radio 
graphic tests of castings and weld 
the use of X-rays in industry, and 
the brittle range in 18-8 stainless 
steel 


Ellison C. Means (Legion of Honor 
Member 1888) died on Jan. 20, 1956 
in Florida He wa president of 
Means Realty Co., Ashland, Ky Mi: 
Means was born in 1864 at Ashland, 
Ky., and attended Marietta College 
and Massachusetts Institute of Tech 
nology. Among the companies with 
which he was associated soon after 
leaving MIT were Low Moor Iron 
Co., Low Moor, Va. and Kentucky 
Iron, Coal, and Manufacturing Co 
and Ashland Coal and Iron Co., both 
in Ashland, Ky. He was, for a time 
connected with Yellow Poplar Lum 
ber Co erving as vice president 
He returned to Low Moor Iron Co 
in 1901 as general manager and later 
became president 


Harold V. Trask (Member 1951) died 
at Lakeside Hospital, Cleveland, on 
Dec. 23, 1955. Mr. Trask wa chief 
metallurgist, Cleveland-Cliff Iron 
Co., Cleveland office jorn at John 
ston, N. D., in 1915, he graduated 
from the University of North Da 
kota in 1937 with a B.Se. Mr. Trask 
held a research fellowship at the 
University of Utah and received an 
M.Sc. in 1938. He was employed a 
a mining engineer at Mountain City 
Copper Co. of Utah, and 1940 be 
came a metallurgical engineer at 
Talache Mines Inc. of Utah. Among 
the companies in the iron and steel 


and allied industries with which Mr 
Trask was associated were Butler 
Brothers, Minn., and Buel Metals 
Co.. where he was manager. From 


1950 to 1952, Mr. Trask was affiliated 
Norton Co., assigned 
as a technical advisor to Armco 
Steel Corp., Ashland, Ky. He joined 
Cleveland-Cliffs as a metallurgist in 
1952. Mr. Trask was a member of 
the program committee AIME Com 
mittee on Blast Furnace, Coke Oven, 
and Raw Material 


with Oglebay, 


Marshall S. Walker (Member 1920) 
died Dec. 2, 1955, in Phoenix, Ariz 
At the time of his death, he was a 
consultant for Metallurgical Sam 
pling & A aying Phoenix Mi 
Walker was born at Salt Lake City 
in 1882 and attended Michigan Col 
lege of Mine Houghton, Mich. He 
received a BS. in 1905 and an E.M 
in 1906. After completing his educa 
tion, Mr. Walker worked for a time 
in Mexico. Returning to this country 
he was employed as a technical 
assistant for the U > Assay Office 
New York. In 1916 Mr. Walker wa 
in charge of maintenance and con 
truction for Edison Chen ical Work 

Silver Lake, N. J. He was a 
with Cerro de Pasco Copper Corp 
ining engineer. For 


ociated 
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(Member 

A pioneer 
| aste heat 
boilers in connectior vith open 
hearth furnaces, he 
Open Hearth Combust Cc Chi- 
a. 

in Louisville. After receiving his ae 
education in Louisville schools, he 
gained his early experience with 
Total AIME membership on Dec 31, 1955 ye et 
was 23,723; im addition 2,825 Student Associ 
‘ 
ites were enrolled 
R. B. Caples, Chairr n, F A. Ayer, Vice 
’ ’ A ( Brinke R H. Dickson 
C. R. Dods R. B. Fulton, T. D. Jones, F. W 
Har Sidney Rolle, F T. Sisce 
Fraser, F. W. MeQuiston, Jr., A. R. Lytle, I a 
. P. Wa ‘ 
The Institute desires to extend its pri tals 
s« ce, but does t desire as members per ; ts 
ire unqualified. Institute members 
ire 4 ed ‘ eu t? aa 
sible and mediately t inform the Secre fe Ps 
tary fice if names of people are found Pear, 
ho are kn n to be unqualified for AIME és ts of 
membership 
Members 
Thomas R. Beveridge, Rolla, Mo eal 
Al J. Classen, Vancouver, Wash xy 
Emmett J. Duggan, Great Falls, Mont 
Hans Ginsberg, Bonn am Rhein, Germany 
Vaughn V. Hughey, Tiffin, Ohio 
James H. Hunter, Wallace, Idaho 
Richard W. Hyde, Lexington, Mass ia 
Ulf C. F. Kalling, New York 
Andrew Kaul, III, St. Marys, Pa ¥ 
‘ E. Sanf 1 Keairns, Jackson, Ohio 
Pierre J. Leroy, St. Germain-en-laye, France 
S. J. MacMulla Butler, Pa 
Stanle V. Margolin, Brookline, Mass 
Joseph V. Marsilio, Bethlehem, Pa i : 
Alt E. McLaughlin, Baton Rouge, La 
Nalin R. Mukherjee, College, Alaska f 
Da iT. Peterson, Ames, lowa 
Patrick M. Settanni, Battle Creek, Mich ie 
George R. Stout, Vancouver, Wash 
Robert E. Wolfensperger, Pittsburgh 
Charies W. Yutmeyer, Beaver, Pa 
Associate Members 
Willi City 
Jose th 
Donald K. Goude Falis, N. Y 
Boghos Mooradian, Pittsburgh 
Miiton B. Stevens, Metamora, Mich ea 
Junior Members 
John D. Carroll, Torrance, Calif i 
Car! R. Garr, Cleveland Heights, Ohio r 
William J. Killiam, Pittusburgh ; 
Norbert F. Neumann, St. Louis y : 
Jerome M. Schmerling, Pittsburgh a 
Members 
Edgar J. Clugston, Magwa, Utah 
Stephen M. Jenks, Pittsburgh 
tC 
Junior to Member 
Car! T. Haller, Bridgeville, Pa 
SingBay Li, Glen Cove, N. 
a? Ate 
CHANGE OF STATUS 
Associate to Member 
C. Ernest Birchena Princeton, N. J & 
Thomas O. Paine, Nat t, Mass ; 
Sidne Siege Shar Ma 
Jot W. Yeasle Vancouver, Wash 
Joseph W. Wilton, Jr, Wallingford, Cons 
4 j 


many years Mr. Walker was asso- 
ciated with Walker & Whyte Inc., 
Assayers and Shippers Representa 
tives, New York, becoming president 
in 1925. Sometime ago he began 
erving as a consultant for Metal 
lurgical Sampling & Assaying, Glen 
Ridge, N. J.; later acting in the same 


capacity for the firm in Phoenix, 
Ariz. During World War II, Mr 
Walker represented the U. S. and 
Jolivian governments in weighing 
and sampling purchases of antimony 
and tungsten ore In order to 
achieve more accuracy in the deter 


gold, and 
copper, he 
changes in sam 


mination of the copper, 
ilver content of blister 
perfected radical 
pling techniques 


Necrology 


Date Date of 
Plected Name Death 
1934 Edward W. Ames 8, 1955 
105 Jor Barnes June 9%, 1965 
iv Cecil H. Brehaut Jan. 14, 1956 
1920 George L. Danforth, Jr Dec 17, 1955 
i945 est Kussell Dickte 14, 1955 
ig! Hobert EB. Dye Nov 15, 1955 
1017 V.M. Fre Jan 4, 1956 
gle Hand Dec. 24, 1955 
1007 Joseph Harold Hedges Jan. 12, 1966 
OF. Heithecker Nov. 20, 1955 
1900) =Kobert A. Kinzie Oct. 22, 1955 
1921 E. W. Lyor Feb. 11, 1955 
on Mear Jar 20, 1956 
1947 James A. Moore No 10, 1955 
KB. Nighmar Jar 11, 1956 
1046 «George A. Parker Oct. 26, 1965 
1951 Harold V. Trask De« 23, 1955 
1925 OF W. Wells Jan 19, 1956 
A Woodward, Jr Nov. 13, 1955 
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Mar 15-16, Steel Pounders’ 
jea, annual meeting, Drake Hotel 


Seciety of Amer 
Chicago 


Mar 10-71 AIMeE Niagara Frontier Loca 


Section, Regional Meeting on Reactive Met 
sls, Statier Hote Buffak 

Mar BAR production meeting and 
forur Hote!l Statle Cleveland 

Mar 19-28 ASTE, national convention and 

dustrial exposition, International Amphi 

theatre, Chicago 

Mar ti, AIMEE, Western Sectior 


Rodger Young Auditorium, Los Angele 
Institution of Mining and Metal 
extractive metallurgy syn jum 


of Arts, London, England 


Mar. 2¢-2% 
lurgy 
HKoyal Societ 


Apr. International Union of Crystallegra- 
phy, Madrid, Spain 


Apr. 0-11, AIME, Blast Furnace, Coke Oven 
and Kaw Materials and National Open 
Hearth Steel Conferences, Netherland-Plaza 
Hotel, Cincinnati 


Apr. SARE seronautic meeting, produc 
tion forun and aircraft engineering dis 
pla Hotel Statier, New York 

Apr. 10-12%, Metal Powder Association, annua! 
meeting and Metal Powder Show Hotel 
Cleveland, Cleveland 

Apr 18-20, National Industrial Research 


Conference, Armour Research Foundation, 


Illinois Institute of Technology, Chicago 
Apr. 1%, AIME, Cleveland Section, dinner 
meeting, Hotel Manger, Cleveland 


Regional 


Conn 


Apr. 20-21, AIME, New 
Conference, Waverly Inn, 


England 
Cheshire 


Apr. 22-26, American Ceramic Society, Stat 
ler Hotel, New York 


Apr. 26-27, American Insitute of Electrical 
Engineers, national meeting, Bradford Hotel, 
Boston 


Apr. 20-May 4%, Electrochemical Seciety, Inc., 
Mark-Hopkins Hotel, San Francisco 


May *%-5, Association des Ingénieurs Sortis de 
de Liege, conference on electron 
microsocpy, Liege, Belgium 

May 4-5, AIMEE, Pacific Northwest Regional 


Metals and Minerals Conference, Ol 
Hotel, Seattle 


ympi 


Association of Spectro 
Chicago 


May 14, American 
graphers, annual conference 


May 6-0, AIChE, Roosevelt Hotel, New Or 


May 14-17, Design Engineering Show, Con 
vention Hall, Philadelphia 


Western Section 
Los Angeles 


May 16, AIMEE, 
Rodger Young Auditoriun 


May 72-25, Seeclété de Chimie Physique, an 
nual reunion, Paris, France 
June 4-8, SAE, summer meeting, Hotel Chal 


fonte-Haddon Halil, Atlantic City, N 


June 4-7, Material Handling Institute, show 
Public Auditorium, Clevelanc 

June 5, AIMEE, NOHC Buffalo Section, golf 
party 

June 13, AIMEE, NOHC, Pittsburgh Section 


golf party, Pittsburgh Field Club 


Fifth Werld Power Conference, 
Austria 


June 16-05 
Vienna 
June ASTM mnual meeting, Hotel 

Chalfonte-Haddon Hall, Atlantic City 


June @?-July 6, International Machine Teol 
Exhibition, Olympia, London, England 


National Council of State Boards 
Hotel Statler 


Aug. 
of Engineering Examiners, 
Los Angeles 


26.28, AIME, Rocky Mountain Minerals 
Conference, Sait Lake Cit 


Oct. IMD fall Hotel 


arter 


AIME 


Cleveland 


meeting 
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